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7KH#2IILFH#RI

8888111166661111####''''HHHHSSSSDDDDUUUUWWWWPPPPHHHHQQQQWWWW####RRRRIIII####((((QQQQHHHHUUUUJJJJ\\\\
::::DDDDVVVVKKKKLLLLQQQQJJJJWWWWRRRRQQQQ////####''''&&&&



############7KH#PLVVLRQ#RI#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#
LV#WR#H[SDQG#WKH#XQGHUVWDQGLQJ#RI#KHDOWK#HIIHFWV#RI#
UDGLDWLRQ/#FKHPLFDOV/#DQG#RWKHU#KD]DUGV#WR#
'HSDUWPHQW#RI#(QHUJ\#ZRUNHUV#DQG#WKH#SXEOLF1##7KH#
2IILFH#XVHV#LWV#H[SHUWLVH#DQG#DELOLWLHV#WR#DVVLVW#LQ#WKH#
LGHQWLILFDWLRQ#DQG#DSSOLFDWLRQ#RI#HIIHFWLYH#DSSURDFKHV#
WR#SUHYHQW#LOOQHVV#DQG#LQMXU\1##$#SXEOLF#KHDOWK#
SHUVSHFWLYH#LV#DQ#LQWHJUDO#SDUW#RI#DOO#SURJUDP#
DFWLYLWLHV1

0000LLLLVVVVVVVVLLLLRRRRQQQQ
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2222UUUULLLLJJJJLLLLQQQQVVVV####RRRRIIII####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJ\\\\====########
7777KKKKHHHH####%%%%UUUURRRRDDDDGGGG####6666WWWWUUUUHHHHHHHHWWWW####3333XXXXPPPPSSSS

7KH#%URDG#6WUHHW#SXPS#V\PEROL]HV#WKH#EDVLF#
IRXQGDWLRQV#RI#HSLGHPLRORJ\1##,Q#WKH#PLG#4;83*V#
FKROHUD#ZDV#UDPSDQW#LQ#FHUWDLQ#DUHDV#RI#/RQGRQ1##
-RKQ#6QRZ#XVLQJ#GDWD#DYDLODEOH#WR#KLP#DW#WKH#
WLPH/#LQIHUUHG#WKDW#WKH#ZDWHU#VXSSOLHG#E\#FHUWDLQ#
ZDWHU#FRPSDQLHV#ZDV#UHVSRQVLEOH#IRU#
WUDQVPLVVLRQ#RI#GLVHDVH1##'U1#6QRZ#UHPRYHG#WKH#
SXPS#KDQGOH#RI#WKH#%URDG#6WUHHW#3XPS#WKHUHE\/#
VWRSSLQJ#WKH#VRXUFH#RI#FRQWDPLQDWLRQ1##&KROHUD#
FDVHV#LQ#WKDW#DUHD#RI#WKH#FLW\#GURSSHG#
GUDPDWLFDOO\1##+LV#UHSRUW#OHDG#WR#WKH#ILOWUDWLRQ#RI#
ZDWHU#0#DERXW#58#\HDUV#EHIRUH#WKH#FKROHUD#YLEULR#
ZDV#LGHQWLILHG1##6QRZ*V#DFKLHYHPHQW#ZDV#EDVHG#
RQ#KLV#ORJLFDO#RUJDQL]DWLRQ#RI#REVHUYDWLRQV#DQG#
KLV#TXDQWLWDWLYH#DSSURDFK#WR#DQDO\]H#GLVHDVH#LQ#
KXPDQ#SRSXODWLRQV1



''''LLLLUUUUHHHHFFFFWWWWRRRRUUUU****VVVV####
0000HHHHVVVVVVVVDDDDJJJJHHHH

$V#WKH#'HSDUWPHQW#RI#(QHUJ\#FRQWLQXHV#LWV#HYROXWLRQ#IURP#GHYHORSPHQW/#
WHVWLQJ/#DQG#SURGXFWLRQ#RI#QXFOHDU#ZHDSRQV#WR#GLVDVVHPEO\/#ZDVWH#
PDQDJHPHQW#DQG#VLWH#UHPHGLDWLRQ/#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#KDV#
GHYHORSHG#D#SURJUDP#WKDW#LV#IRFXVHG#WRZDUG#FXUUHQW#KHDOWK#ULVNV#DQG#KHDOWK#
FRQFHUQV#ZKLOH#VHHNLQJ#WR#XQGHUVWDQG#WKH#SDVW1##7KH#2IILFH#KDV#GHYHORSHG#
DQG#PDQDJHV#SURJUDPV#WR#PRQLWRU#WKH#KHDOWK#DQG#VDIHW\#RI#WKH#FXUUHQW#
ZRUN#IRUFH#ZKLOH#VXSSRUWLQJ#UHVHDUFK#SURJUDPV#GLUHFWHG#DW#GHWHFWLQJ#KHDOWK#
HIIHFWV#DVVRFLDWHG#ZLWK#SDVW#KHDOWK#KD]DUGV1##'DWD#IURP#DOO#RI#RXU#SURJUDPV#
DUH#URXWLQHO\#PDGH#DYDLODEOH#WKURXJK#WKH#&RPSUHKHQVLYH#(SLGHPLRORJLF#'DWD#
5HVRXUFH#+&('5,/#RXU#SXEOLF0XVH#GDWDEDVH1#

7KH#2IILFH#PDLQWDLQV#D#YLJRURXV#SURJUDP#WR#PRQLWRU#ZRUNHU#KHDOWK/#
LQYHVWLJDWH#VXVSHFWHG#GLVHDVH#RXWEUHDNV/#FRPPXQLFDWH#KHDOWK#LQIRUPDWLRQ/#
DQG#FKDPSLRQ#UHVHDUFK#WKDW#DGGUHVVHV#WKH#FRQFHUQV#RI#RXU#VWDNHKROGHUV1##
:H#KDYH#HVWDEOLVKHG#SDUWQHUVKLSV#ZLWK#PDQ\#'2(#VLWH#RIILFHV#DQG#UHVSRQG#
WR#PDQDJHPHQW/#ZRUNHU/#DQG#FRPPXQLW\#TXHVWLRQV#DQG#FRQFHUQV1

3HUVRQLI\LQJ#D#IXVLRQ#RI#SXEOLF#KHDOWK#H[SHUWLVH#DQG#VSHFLDOL]HG#KHDOWK#
SURIHVVLRQV/#WKH#2IILFH#VWDII#UHSUHVHQWV#PXOWLSOH#GLVFLSOLQHV/#LQFOXGLQJ#
(SLGHPLRORJ\/#%LRVWDWLVWLFV/#2FFXSDWLRQDO#+HDOWK#1XUVLQJ/#+HDOWK#3K\VLFV/#
(QYLURQPHQWDO#+HDOWK#6FLHQFHV/#,QGXVWULDO#+\JLHQH/#DQG#&KHPLVWU\1
,Q#WKH#ODVW#\HDU#RXU#2IILFH#KDV#PDQ\#DFFRPSOLVKPHQWV#WR#LWV#FUHGLW1##,#KRSH#
\RX#ZLOO#WDNH#D#PLQXWH#WR#UHYLHZ#RXU#RSHUDWLQJ#SODQ#DQG#YLVLW#RXU#ZHE#VLWH#DW#
KWWS=22WLV0QW1HK1GRH1JRY2HSL

+HDWKHU#*1#6WRFNZHOO/#6F1'1
'LUHFWRU
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7777KKKKHHHHVVVVHHHH####FFFFRRRRUUUUHHHH####YYYYDDDDOOOOXXXXHHHHVVVV####DDDDUUUUHHHH####WWWWKKKKHHHH####IIIIXXXXQQQQGGGGDDDDPPPPHHHHQQQQWWWWDDDDOOOO####RRRRSSSSHHHHUUUUDDDDWWWWLLLLQQQQJJJJ####SSSSUUUULLLLQQQQFFFFLLLLSSSSOOOOHHHHVVVV####RRRRIIII####RRRRXXXXUUUU####2222IIIIIIIILLLLFFFFHHHH1111

3333UUUURRRRIIIIHHHHVVVVVVVVLLLLRRRRQQQQDDDDOOOO
##
2XU#DFWLYLWLHV#DUH#JXLGHG#E\#D#SURIHVVLRQDO#FRGH#RI#FRQGXFW1##(DFK#VWDII#PHPEHU#LV#
DFFRXQWDEOH#IRU#LQGLYLGXDO#GHFLVLRQV#DQG#ZRUN#SURGXFWV>#SURYLGHV#LQGHSHQGHQW#
FUHDWLYH#DSSURDFKHV#WR#SUREOHP#VROYLQJ#DQG#SURGXFHV#TXDOLW\#SURGXFWV#RQ#WLPH1

,,,,QQQQWWWWHHHHUUUUSSSSHHHHUUUUVVVVRRRRQQQQDDDDOOOO

:H#DUH#SHRSOH#RULHQWHG1##:H#YDOXH#RXU#LQWHJULW\#DQG#DELGH#E\#HWKLFDO#JXLGHOLQHV#IRU#
SUDFWLFLQJ#SXEOLF#KHDOWK/#ZH#ZRUN#ZHOO#WRJHWKHU#DQG#VXSSRUW#HDFK#RWKHU1#:H#VXEVFULEH#
WR#D#SKLORVRSK\#WKDW#YDOXHV#GLIIHUHQFHV#RI#RSLQLRQ#LQ#RXU#DSSURDFK#WR#SUREOHP#
VROYLQJ1

2222UUUUJJJJDDDDQQQQLLLL]]]]DDDDWWWWLLLLRRRRQQQQDDDDOOOO

:H#YDOXH#RUJDQL]DWLRQ1##7KURXJK#LW#ZH#DFFRPSOLVK#RXU#PLVVLRQ1##2XU#RUJDQL]DWLRQ#LV#
FXVWRPHU0RULHQWHG/#FRRSHUDWLYH#LQ#D#FRQVWUXFWLYH#DQG#XQGHUVWDQGLQJ#PDQQHU#DQG#
IOH[LEOH/#DV#ZHOO#DV#FRQVHQVXV0EXLOGLQJ#LQ#RXU#DSSURDFK1

&&&&RRRRUUUUHHHH####9999DDDDOOOOXXXXHHHHVVVV
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0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW####6666XXXXSSSSSSSSRRRRUUUUWWWW
9LVLRQ=##3URYLGH#DVVLVWDQFH#LQ#WKH#LQWHUSUHWDWLRQ#RI#RFFXSDWLRQDO#DQG#
HQYLURQPHQWDO#KHDOWK#LVVXHV#IRU#'2(#ZRUNHUV/#PDQDJHPHQW/#DQG#WKH#SXEOLF1

9LVLRQ=##3URYLGH#RFFXSDWLRQDO#DQG#HQYLURQPHQWDO#KHDOWK#LQIRUPDWLRQ#WR#
WKH#'2(#FRPPXQLW\#DQG#WKH#SXEOLF1

++++HHHHDDDDOOOOWWWWKKKK####&&&&RRRRPPPPPPPPXXXXQQQQLLLLFFFFDDDDWWWWLLLLRRRRQQQQ

9LVLRQ=##8QGHUVWDQG#WKH#KHDOWK#HIIHFWV#DVVRFLDWHG#ZLWK#RFFXSDWLRQDO#
H[SRVXUHV#DQG#LGHQWLI\#HPHUJLQJ#KHDOWK#SUREOHPV#LQ#WKH#'2(#ZRUNSODFH1

,,,,QQQQWWWWUUUUDDDDPPPPXXXXUUUUDDDDOOOO####++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV

9LVLRQ=##6XSSRUW#D#SURJUDP#RI#H[WUDPXUDO#RFFXSDWLRQDO#DQG#HQYLURQPHQWDO#
KHDOWK#UHVHDUFK1

++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV####0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW

%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHHVVVV
5HVSRQVLELOLWLHV#RI#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#DUH#RUJDQL]HG#
DFFRUGLQJ#WR#IRXU#EXVLQHVV#OLQHV1##(DFK#EXVLQHVV#OLQH#DQG#YLVLRQ#UHSUHVHQWV#
RXU#FRPPLWPHQW#WR#SURYLGH#VXSHULRU#HSLGHPLRORJLF#EHQHILW1
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0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW####6666XXXXSSSSSSSSRRRRUUUUWWWW

$$$$FFFFWWWWLLLLYYYYLLLLWWWWLLLLHHHHVVVV####DDDDQQQQGGGG####$$$$FFFFFFFFRRRRPPPPSSSSOOOOLLLLVVVVKKKKPPPPHHHHQQQQWWWWVVVV####''''XXXXUUUULLLLQQQQJJJJ####4444<<<<<<<<::::

++++HHHHDDDDOOOOWWWWKKKK####&&&&RRRRPPPPPPPPXXXXQQQQLLLLFFFFDDDDWWWWLLLLRRRRQQQQ
7777KKKKHHHH####&&&&RRRRPPPPSSSSUUUUHHHHKKKKHHHHQQQQVVVVLLLLYYYYHHHH####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJLLLLFFFF####''''DDDDWWWWDDDD####5555HHHHVVVVRRRRXXXXUUUUFFFFHHHH####++++&&&&((((''''5555,,,,####LLLLQQQQFFFFUUUUHHHHDDDDVVVVHHHHGGGG####LLLLWWWWVVVV####KKKKRRRROOOOGGGGLLLLQQQQJJJJVVVV####DDDDQQQQGGGG####FFFFDDDDSSSSDDDDEEEELLLLOOOOLLLLWWWWLLLLHHHHVVVV 1##6HYHQ#GDWD#
ILOH#VHWV/#FRPSULVLQJ#56#GDWD#ILOHV/#ZHUH#LQVWDOOHG#DQG#VHYHUDO#ILOHV#RI#XSGDWHG#LQIRUPDWLRQ#ZHUH#DGGHG#WR#
H[LVWLQJ#GDWD#ILOH#VHWV1##)XOO#GDWD#GRFXPHQWDWLRQ#DW#ERWK#ILOH#DQG#YDULDEOH0OHYHOV#ZDV#PDGH#DYDLODEOH#E\#
PLJUDWLQJ#&('5#WR#D#PRGHUQ#ELEOLRJUDSKLF#GDWDEDVH#DQG#:RUOG#:LGH#:HE#WHFKQRORJ\1##$#GLJLWDO#YHUVLRQ#RI#
WKH#&('5#FDWDORJ#ZDV#LQVWDOOHG#LQ#WKH#GDWDEDVH/#PDNLQJ#LW#YLHZDEOH/#SULQWDEOH/#DQG#NH\ZRUG#VHDUFKDEOH#
RQ0OLQH1

$$$$####++++HHHHDDDDOOOOWWWWKKKK####%%%%XXXXOOOOOOOOHHHHWWWWLLLLQQQQ####ZZZZDDDDVVVV####LLLLVVVVVVVVXXXXHHHHGGGG 1##,W#VXPPDUL]HV#WKH#PDMRU#FRQFOXVLRQV#RI#WKH#&HQWHUV#IRU#'LVHDVH#&RQWURO#DQG#
3UHYHQWLRQ#+&'&,#)HUQDOG#(QYLURQPHQWDO#'RVH#5HFRQVWUXFWLRQ#3URMHFW1

,,,,QQQQWWWWHHHHUUUUQQQQHHHHWWWW####++++RRRRPPPPHHHH00003333DDDDJJJJHHHH####ZZZZDDDDVVVV####SSSSOOOODDDDFFFFHHHHGGGG####RRRRQQQQ0000OOOOLLLLQQQQHHHH 1##,W#SURYLGHV#SXEOLF#DFFHVV#WR#DFWLYLWLHV#RI#WKH#2IILFH1##,QWHUQHW#
DGGUHVV=##KWWS=22WLV0QW1HK1GRH1JRY2HSL

3333UUUUHHHHVVVVHHHHQQQQWWWWDDDDWWWWLLLLRRRRQQQQ####RRRRQQQQ####WWWWKKKKHHHH####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJ\\\\####RRRRIIII####&&&&KKKKUUUURRRRQQQQLLLLFFFF####%%%%HHHHUUUU\\\\OOOOOOOOLLLLXXXXPPPP####''''LLLLVVVVHHHHDDDDVVVVHHHH####&&&&RRRRQQQQGGGGXXXXFFFFWWWWHHHHGGGGHHHHGGGG 1##7KH#SUHVHQWDWLRQ#ZDV#SURYLGHG#
DV#SDUW#RI#D#EHU\OOLXP#WUDLQLQJ#FRXUVH1

#

7777KKKKHHHH####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJLLLLFFFF####6666WWWWXXXXGGGGLLLLHHHHVVVV####3333UUUURRRRJJJJUUUUDDDDPPPP####FFFFRRRRPPPPSSSSOOOOHHHHWWWWHHHHGGGG####WWWWZZZZRRRR####FFFFDDDDQQQQFFFFHHHHUUUU####PPPPRRRRUUUUWWWWDDDDOOOOLLLLWWWW\\\\####VVVVWWWWXXXXGGGGLLLLHHHHVVVV 1111
:RUNHUV#DW#WKH#3LWWVEXUJK#(QHUJ\#7HFKQRORJ\#&HQWHU#ZHUH#WKH#VXEMHFW#RI#
RQH##VWXG\1##5HVXOWV#ZHUH#SUHVHQWHG#RQVLWH#WR#PDQDJHPHQW#DQG#ZRUNHUV1##
5HVXOWV#RI#WKH#VHFRQG#VWXG\/#%'HVFULSWLYH#VWXG\#RI#GHDWKV#IURP#FDQFHU#
DVVRFLDWHG#ZLWK#UHVLGHQWLDO#SUR[LPLW\#WR#WKH#VLWH#RI#XQGHUJURXQG#QXFOHDU#
GHWRQDWLRQV/%#ZKLFK#KDG#EHHQ#SUHYLRXVO\#SUHVHQWHG#WR#WKH#FRPPXQLW\/#
ZDV#SXEOLVKHG#LQ#WKH#VFLHQWLILF#MRXUQDO/#$UFKLYHV#RI#(QYLURQPHQWDO#
+HDOWK/#)HE#4<<;/#43<04661

7777KKKKHHHH####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJLLLLFFFF####6666XXXXUUUUYYYYHHHHLLLLOOOOOOOODDDDQQQQFFFFHHHH####3333UUUURRRRJJJJUUUUDDDDPPPP####HHHH[[[[SSSSDDDDQQQQGGGGHHHHGGGG1111 ##,PSOHPHQWDWLRQ#RI#WKH#
(SLGHPLRORJLF#6XUYHLOODQFH#3URJUDP#ZDV#LQLWLDWHG#DW#2DN#5LGJH#1DWLRQDO#
/DERUDWRU\1##7KH#DQQXDO#HSLGHPLRORJLF#VXUYHLOODQFH#UHSRUW#ZDV#UHIRUPDWWHG#
DQG#HQKDQFHG1#

))))LLLLUUUUVVVVWWWW####PPPPDDDDMMMMRRRRUUUU####UUUUHHHHYYYYLLLLHHHHZZZZ####RRRRIIII####WWWWKKKKHHHH####KKKKHHHHDDDDOOOOWWWWKKKK####RRRRIIII####ZZZZRRRRPPPPHHHHQQQQ####LLLLQQQQ####WWWWKKKKHHHH####''''2222((((####ZZZZRRRRUUUUNNNNIIIIRRRRUUUUFFFFHHHH####FFFFRRRRQQQQGGGGXXXXFFFFWWWWHHHHGGGG1111 ##
,QLWLDO#UHYLHZ#DQG#SUHVHQWDWLRQ#RI#ILQGLQJV#ZDV#FRPSOHWHG1###6XUYHLOODQFH#
GDWD#FRQWLQXH#WR#EH#DQDO\]HG#WR#GHWHUPLQH#UDWHV#RI#LOOQHVV#
DQG#LQMXU\#WR#LGHQWLI\#ZRUNSODFH#FRQGLWLRQV#WKDW#PD\#EH#XQKHDOWK\1##

7KH#'LVHDVH#&OXVWHU#7HDP#FRPSOHWHV#WZR#LQYHVWLJDWLRQV1##2QH#LQYHVWLJDWLRQ#FRQFHUQHG#UHSRUWHG#EUDLQ#FDQFHU1####
$#VHFRQG#FRQFHUQ#IRFXVHG#RQ#D#UHSRUWHG#RXWEUHDN#RI#FKRULRUHWLQLWLV#DPRQJ#'2(#VWDII1#

%URRNKDYHQ#1DWLRQDO#/DERUDWRU\#ZRUNHU#KHDOWK#FRQFHUQV#DGGUHVVHG1##(SLGHPLRORJLF#6XUYHLOODQFH#3URJUDP#
VWDII#LQLWLDWHG#DQ#DVVHVVPHQW#RI#FDQFHU#UDWHV#DPRQJ#FXUUHQW#DQG#IRUPHU#ZRUNHUV1

,,,,QQQQWWWWUUUUDDDDPPPPXXXXUUUUDDDDOOOO####++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV
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$$$$FFFFWWWWLLLLYYYYLLLLWWWWLLLLHHHHVVVV####DDDDQQQQGGGG####$$$$FFFFFFFFRRRRPPPPSSSSOOOOLLLLVVVVKKKKPPPPHHHHQQQQWWWWVVVV####''''XXXXUUUULLLLQQQQJJJJ####4444<<<<<<<<::::

++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV####0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW

7777KKKKHHHH####8888QQQQLLLLWWWWHHHHGGGG####6666WWWWDDDDWWWWHHHHVVVV####7777UUUUDDDDQQQQVVVVXXXXUUUUDDDDQQQQLLLLXXXXPPPP####DDDDQQQQGGGG####8888UUUUDDDDQQQQLLLLXXXXPPPP####5555HHHHJJJJLLLLVVVVWWWWUUUULLLLHHHHVVVV####++++88886666777788885555,,,,####DDDDWWWWWWWWDDDDLLLLQQQQHHHHGGGG####DDDD####PPPPDDDDMMMMRRRRUUUU####OOOODDDDQQQQGGGGPPPPDDDDUUUUNNNN1111#### ##7HQ#
SHHU0UHYLHZHG#DUWLFOHV#ZHUH#SXEOLVKHG#IRU#D#WRWDO#RI#453#86785#DUWLFOHV#SHUWDLQLQJ#WR#WKH#ELRNLQHWLFV#DQG#
GRVLPHWU\#RI#DOSKD0HPLWWLQJ#PDWHULDOV1##86785#H[DPLQHG#WKH#UHODWLYH#FRQFHQWUDWLRQ#RI#SOXWRQLXP#LQ#VRIW#
WLVVXHV#WR#FRQILUP#WKDW#WKH#OLYHU#UHPDLQV#WKH#RUJDQ#DW#JUHDWHVW#ULVN1##,W#LPSURYHG#PHWKRGV#IRU#HVWLPDWLQJ#WRWDO#
VNHOHWDO#GHSRVLWV#RI#DFWLQLGHV#IURP#D#UHGXFHG#QXPEHU#RI#VNHOHWDO#VDPSOHV1##$#FROODERUDWLYH#UHVHDUFK#SURJUDP#
ZDV#HVWDEOLVKHG#WR#SURYLGH#WHFKQLFDO#DVVLVWDQFH#DQG#GDWD#FRPSDULVRQ#ZLWK#D#5XVVLDQ#GRVLPHWU\#UHJLVWU\#1#

7777KKKKHHHH####&&&&RRRRPPPPPPPPXXXXQQQQLLLLWWWW\\\\####6666WWWWXXXXGGGGLLLLHHHHVVVV####3333UUUURRRRJJJJUUUUDDDDPPPP####LLLLQQQQ####IIIIRRRRXXXXUUUU####6666WWWWDDDDWWWWHHHHVVVV####UUUUHHHHDDDDFFFFKKKKHHHHGGGG####PPPPDDDDMMMMRRRRUUUU####PPPPLLLLOOOOHHHHVVVVWWWWRRRRQQQQHHHHVVVV1111 ###,Q#6RXWK#&DUROLQD/#WKH#6DYDQQDK#
5LYHU#5HJLRQ#&DQFHU#5HJLVWU\#HVWDEOLVKHG#WKURXJK#WKH#6WDWH#+HDOWK#$JUHHPHQW#3URJUDP/#SURGXFHG#LWV#ILUVW#
VWDWLVWLFDO#UHSRUW#IRU#4<<404<<6/#DQG#WKH#FDQFHU#UHJLVWULHV#ZHUH#IRUPDOO\#WUDQVIHUUHG#WR#WKH#6RXWK#&DUROLQD#
'HSDUWPHQW#RI#+HDOWK1##$#IHDVLELOLW\#VWXG\#RI#HVWDEOLVKLQJ#D#ELUWK#GHIHFWV#UHJLVWU\#LQ#WKH#UHJLRQ#ZDV#FRPSOHWHG1

,Q#&DOLIRUQLD/#WKH#VWXG\#RI#FDQFHU#PRUWDOLW\#DPRQJ#UDGLDWLRQ0PRQLWRUHG#ZRUNHUV#DW#WKH#5RFNHWG\QH2$WRPLFV#
,QWHUQDWLRQDO#IDFLOLW\#ZDV#FRPSOHWHG#DQG#UHSRUWHG#WR#PDQDJHPHQW/#ZRUNHUV/#DQG#WKH#FRPPXQLW\1

,Q#&RORUDGR/#PDMRU#GUDIW#UHSRUWV#ZHUH#FRPSOHWHG#DQG#UHOHDVHG#WR#WKH#SXEOLF#FRQFHUQLQJ#WKH#DPRXQW/#SDWKZD\V/#
DQG#KHDOWK#ULVNV#RI#WKH#PDMRU#FRQWDPLQDQWV/#SOXWRQLXP/#FDUERQ/#WHWUDFKORULGH/#DQG#EHU\OOLXP#WKDW#ZHUH#UHOHDVHG#
IURP#WKH#5RFN\#)ODWV#3ODQW#GXULQJ#LWV#\HDUV#RI#SDVW#RSHUDWLRQ1

,Q#7HQQHVVHH/#PDMRU#GUDIW#UHSRUWV#ZHUH#UHOHDVHG#WR#WKH#SXEOLF#FRQFHUQLQJ#WKH#DPRXQW/#SDWKZD\V/#DQG#KHDOWK#
ULVNV#RI#WKH#PDMRU#FRQWDPLQDQWV/#LRGLQH0464/#FHVLXP046:/#PHUFXU\/#SRO\FKORULQDWHG#ELSKHQ\OV/#DQG#XUDQLXP#WKDW#
ZHUH#UHOHDVHG#IURP#WKUHH#'2(#2DN#5LGJH#IDFLOLWLHV1

1111HHHHZZZZ####ZZZZRRRRUUUUNNNNHHHHUUUU####KKKKHHHHDDDDOOOOWWWWKKKK####VVVVWWWWXXXXGGGGLLLLHHHHVVVV####ZZZZHHHHUUUUHHHH####LLLLQQQQLLLLWWWWLLLLDDDDWWWWHHHHGGGG####WWWWKKKKUUUURRRRXXXXJJJJKKKK####WWWWKKKKHHHH####1111DDDDWWWWLLLLRRRRQQQQDDDDOOOO####,,,,QQQQVVVVWWWWLLLLWWWWXXXXWWWWHHHH####IIIIRRRRUUUU####2222FFFFFFFFXXXXSSSSDDDDWWWWLLLLRRRRQQQQDDDDOOOO####6666DDDDIIIIHHHHWWWW\\\\####DDDDQQQQGGGG####++++HHHHDDDDOOOOWWWWKKKK####
++++1111,,,,22226666++++,,,,1111 ##6WXGLHV#LQFOXGHG#HVWLPDWLQJ#H[SRVXUHV#WR#LQWHUQDOO\#GHSRVLWHG#UDGLRDFWLYH#PDWHULDOV/#H[SORULQJ#WKH#
XVH#RI#LPSURYHG#QHXWURQ#GRVLPHWU\#LQ#ZRUNHU#KHDOWK#VWXGLHV/#DQG#WKH#HDUO\#UHFRJQLWLRQ#RI#DFXWH#UDGLDWLRQ#
V\QGURPH#LQ#5XVVLDQ#QXFOHDU#ZRUNHUV1##1,26+#FRPSOHWHG#VWXGLHV#RI#PXOWLSOH#P\HORPD/#FKLOGKRRG#FDQFHU#DQG#
SDUHQWDO#H[SRVXUH#WR#LRQL]LQJ#UDGLDWLRQ/#D#VWXG\#RI#QHXURORJLF#KHDOWK#DPRQJ#ZRUNHUV#H[SRVHG#WR#PHUFXU\/#DQG#
DQ#DQDO\VLV#RI#WKH#XVHIXOQHVV#RI#ELRGRVLPHWHUV#LQ#HSLGHPLRORJLF#VWXGLHV1

&&&&RRRRPPPPPPPPXXXXQQQQLLLLWWWW\\\\####KKKKHHHHDDDDOOOOWWWWKKKK####VVVVWWWWXXXXGGGGLLLLHHHHVVVV####DDDDWWWW####YYYYDDDDUUUULLLLRRRRXXXXVVVV####VVVVLLLLWWWWHHHHVVVV####ZZZZHHHHUUUUHHHH####FFFFRRRRQQQQGGGGXXXXFFFFWWWWHHHHGGGG####EEEE\\\\####WWWWKKKKHHHH####1111DDDDWWWWLLLLRRRRQQQQDDDDOOOO####&&&&HHHHQQQQWWWWHHHHUUUU####IIIIRRRRUUUU####((((QQQQYYYYLLLLUUUURRRRQQQQPPPPHHHHQQQQWWWWDDDDOOOO####++++HHHHDDDDOOOOWWWWKKKK####
++++1111&&&&((((++++,,,,1111 ##$#VXUYH\#RI#PLON#SURGXFHUV#ZDV#FRPSOHWHG#IRU#WKH#UHJLRQ#VXUURXQGLQJ#WKH#+DQIRUG#VLWH#DV#SDUW#RI#
WKH#LRGLQH#SDWKZD\#GRVH#UHFRQVWUXFWLRQ1##$W#6DYDQQDK#5LYHU#D#GRVH#UHFRQVWUXFWLRQ#SURMHFW#ZDV#XQGHUWDNHQ1

:



''''LLLLVVVVHHHHDDDDVVVVHHHH####&&&&OOOOXXXXVVVVWWWWHHHHUUUU####,,,,QQQQYYYYHHHHVVVVWWWWLLLLJJJJDDDDWWWWLLLLRRRRQQQQVVVV

$#GLVHDVH#FOXVWHU#LV#DQ#XQXVXDO#H[FHVV#RI#GLVHDVH/#ZKHWKHU#UHDO#RU#
SHUFHLYHG/#WKDW#PHULWV#IXUWKHU#LQYHVWLJDWLRQ1##7KH#2IILFH#RI#(SLGHPLRORJLF#
6WXGLHV#UHVSRQGV#WR#RFFXSDWLRQDO#KHDOWK#FRQFHUQV#LGHQWLILHG#E\#HPSOR\HHV/#
ODERU#UHODWLRQV#UHSUHVHQWDWLYHV/#DQG#RFFXSDWLRQDO#PHGLFLQH#SK\VLFLDQV1##
$Q\#'2(#HPSOR\HH#RU#FRQWUDFWRU#HPSOR\HH#FDQ#VSHDN#GLUHFWO\#ZLWK#D#VWDII#
HSLGHPLRORJLVW#UHJDUGLQJ#ZRUNSODFH#KHDOWK#FRQFHUQV1##+HDOWK#FRQFHUQV#
LQYHVWLJDWHG#E\#WKLV#2IILFH#LQFOXGH#VLFN#EXLOGLQJ#V\QGURPHV#DQG#H[FHVV#
FDQFHUV#DPRQJ#WKH#ZRUNIRUFH1##
****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<
7R#UHVSRQG#ZLWKLQ#WZR#ZRUNLQJ#GD\V#RI#UHFHLYLQJ#LQIRUPDWLRQ#FRQFHUQLQJ#
D#SRVVLEOH#GLVHDVH#FOXVWHU1

7R#SURYLGH#REMHFWLYH#VFLHQWLILF#DVVHVVPHQWV#RI#SRVVLEOH#GLVHDVH#FOXVWHUV1

3333UUUURRRRJJJJUUUUDDDDPPPP####0000DDDDQQQQDDDDJJJJHHHHUUUU====########%%%%RRRRQQQQQQQQLLLLHHHH####5555LLLLFFFFKKKKWWWWHHHHUUUU////####3333KKKK1111''''1111####++++666633334444,,,,####<<<<3333666600007777888833334444####

%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW####6666XXXXSSSSSSSSRRRRUUUUWWWW

;



0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW####6666XXXXSSSSSSSSRRRRUUUUWWWW####,,,,QQQQLLLLWWWWLLLLDDDDWWWWLLLLYYYYHHHH

))))XXXXQQQQGGGGDDDDPPPPHHHHQQQQWWWWDDDDOOOOVVVV####RRRRIIII####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJ\\\\####&&&&RRRRXXXXUUUUVVVVHHHH

$#VKRUW#FRXUVH#RQ#WKH#IXQGDPHQWDOV#RI#HSLGHPLRORJ\#LV#EHLQJ#GHVLJQHG#IRU#
'2(#+HDGTXDUWHUV#DQG#VLWH#SHUVRQQHO1##7KHVH#VHVVLRQV#ZLOO#LQWURGXFH#
HSLGHPLRORJLF#SULQFLSOHV#DQG#VWXG\#PHWKRGRORJ\#XVHG#E\#WKHVH#PHGLFDO#
GHWHFWLYHV1##7KH#FRXUVH#ZLOO#SURYLGH#WKH#EDVLF#NQRZOHGJH#UHTXLUHG#WR#
XQGHUVWDQG#DQG#HYDOXDWH#VWXGLHV#RI#WKH#'2(#ZRUNIRUFH1###,Q#DGGLWLRQ/#LW#ZLOO#
VKRZ#KRZ#WKH#PHWKRGRORJ\#FDQ#PDNH#D#SRVLWLYH#LPSDFW#RQ#PDQDJHPHQW#
HYDOXDWLRQ#DQG#GHFLVLRQ0PDNLQJ1

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#GHYHORS#WKH#FXUULFXOXP#IRU#WKH#(SLGHPLRORJ\#&RXUVH1##
7R#SLORW#WKH#FRXUVH1

3URJUDP#0DQDJHUV=##+HDWKHU#6WRFNZHOO/#6F1'1##+634,#<3606:54
############################%RQQLH#5LFKWHU/#3K1'1##+634,#<3607834

<



%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########++++HHHHDDDDOOOOWWWWKKKK####&&&&RRRRPPPPPPPPXXXXQQQQLLLLFFFFDDDDWWWWLLLLRRRRQQQQVVVV

&&&&RRRRPPPPSSSSUUUUHHHHKKKKHHHHQQQQVVVVLLLLYYYYHHHH####((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJLLLLFFFF####''''DDDDWWWWDDDD####5555HHHHVVVVRRRRXXXXUUUUFFFFHHHH####++++&&&&((((''''5555,,,,

$#PDMRU#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV*#SURJUDP#WKDW#UHIOHFWV#WKH#'HSDUWPHQW*V#FRQWLQXLQJ#
FRPPLWPHQW#WR#RSHQQHVV#LV#&('51##,W#LV#D#SXEOLF0XVH#UHSRVLWRU\#RI#GDWD#FROOHFWHG#GXULQJ#PRUH#
WKDQ#68#\HDUV#RI#'2(0VSRQVRUHG#HSLGHPLRORJLF/#HQYLURQPHQWDO/#DQG#UHODWHG#KHDOWK#VWXGLHV1##
7KH#&('5#SURJUDP#LV#GHGLFDWHG#WR#SURYLGLQJ#DFFHVV#WR#WKHVH#KXQGUHGV#RI#GDWD#ILOHV#DQG#WR#
HQVXULQJ#WKDW#FXUUHQW#VWXGLHV#DUH#GRFXPHQWHG#DQG#PDGH#DYDLODEOH#WR#UHVHDUFKHUV#DQG#WKH#
SXEOLF1##7KH#RIIHU#RI#WKHVH#GDWD/#DW#QR#FRVW/#RSWLPL]HV#WKHLU#XWLOL]DWLRQ#IRU#D#ZLGH#YDULHW\#RI#
SXUSRVHV/#DQG#HQVXUHV#WKDW#&('5#FRQWLQXHV#WR#HQFRXUDJH#LPSURYHG#XQGHUVWDQGLQJ#RI#WKH#
KHDOWK#HIIHFWV#RI#UDGLDWLRQ#DQG#FKHPLFDOV#RQ#ZRUNHUV#DQG#FRPPXQLWLHV1##9LVLW#&('5#RQ#WKH#
,QWHUQHW#DW#KWWS=22FHGU1OEO1JRY

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#LQVWDOO#DW#OHDVW#HLJKW#DGGLWLRQDO#GDWD#ILOH#VHWV#DQG#WKHLU#DVVRFLDWHG#GRFXPHQWDWLRQ1
7R#FRPSOHWH#TXDOLW\#DVVXUDQFH#SURFHGXUHV#RQ#&('5*V#LQFRPLQJ#GDWD#VHWV#DQG#RQ#:8#SHUFHQW#
RI#FXUUHQW#KROGLQJV1
7R#LQWHJUDWH#-DYD#DSSOHW#WHFKQRORJ\#ZLWK#:RUOG#:LGH#:HE#+:::,#IHDWXUHV#IRU#D#QHZ#
&('5YLHZ#FDSDELOLW\#WR#IDFLOLWDWH#EURZVLQJ#DQG#WR#VWUHDPOLQH#LQVWDOODWLRQ#RI#QHZ#GDWD#VHWV1
7R#H[SORUH#WHFKQLTXHV#WR#LPSURYH#GLVSOD\#RI#GDWD/#VXFK#DV#UHOHDVHV#DQG#GRVHV/#JHQHUDWHG#IRU#
RIIVLWH#HQYLURQPHQWDO#GRVH#UHFRQVWUXFWLRQV#DW#'2(#VLWHV1
7R#FXVWRPL]H#&('5#GDWD#VXEPLVVLRQ#JXLGHOLQHV#IRU#QHZ#W\SHV#RI#GDWD#ILOH#VHWV1

3URJUDP#0DQDJHU=##%DUEDUD#%URRNV/#0161##+634,#<36079:7
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++++HHHHDDDDOOOOWWWWKKKK####%%%%XXXXOOOOOOOOHHHHWWWWLLLLQQQQVVVV

+HDOWK#%XOOHWLQV#DUH#D#VHULHV#RI#SXEOLFDWLRQV#SURGXFHG#E\#WKH#2IILFH#WKDW#DGGUHVV#
LVVXHV#DQG#FRQFHUQV#WKDW#DUH#LPSRUWDQW#WR#WKH#'2(#ZRUNIRUFH1##7KH#EXOOHWLQV#RIWHQ#
LQFOXGH#LQIRUPDWLRQ#IURP#DUWLFOHV#RQ#WKH#UHVXOWV#RI#VWXGLHV#WKDW#DQDO\]HG#WKH#KHDOWK#
RI#'2(#ZRUNHUV#RU#WKH#FRPPXQLW\#DW#D#SDUWLFXODU#VLWH1##2WKHU#EXOOHWLQV#UHSRUW#
LQIRUPDWLRQ#UHOHYDQW#WR#ZRUNHUV/#VXFK#DV#D#VWXG\#RI#WKH#ULVN#RI#XVLQJ#YLGHR#
GLVSOD\#WHUPLQDOV1##7KH#EXOOHWLQV#DUH#ZULWWHQ#LQ#ODQJXDJH#PHDQW#WR#LQIRUP#DQG#PDNH#
FRPSOH[#UHVHDUFK#ILQGLQJV#PRUH#DFFHVVLEOH#WR#WKH#QRQ0WHFKQLFDO#UHDGHU1##7KHVH#
DUWLFOHV#DUH#GLVWULEXWHG#WR#PRUH#WKDQ#933#SHUVRQV#DW#'2(#VLWHV1##7R#DGG#\RXU#
QDPH#WR#WKH#PDLOLQJ#OLVW/#FRQWDFW#0DUVKD#/DZQ#DW#0#PDUVKD1ODZQ#HK1GRH1JRY#RU#
+634,#<3606:541

****RRRRDDDDOOOO####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#GLVWULEXWH#+HDOWK#%XOOHWLQV#ZKHQ#VWXG\#UHVXOWV#DUH#SXEOLVKHG1#

3URJUDP#0DQDJHU=##&ODXGLD#%HDFK/#51#&2+1##+634,#<360<;59

%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########++++HHHHDDDDOOOOWWWWKKKK####&&&&RRRRPPPPPPPPXXXXQQQQLLLLFFFFDDDDWWWWLLLLRRRRQQQQVVVV

,,,,QQQQWWWWHHHHUUUUQQQQHHHHWWWW####++++RRRRPPPPHHHH####3333DDDDJJJJHHHH

7KH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#,QWHUQHW#+RPH#3DJH#PDNHV#
LQIRUPDWLRQ#RQ#WKH#KHDOWK#RI#WKH#'2(#ZRUNIRUFH#DYDLODEOH#WR#D#ZLGHU#
UDQJH#RI#LQWHUHVWHG#SHUVRQV1##7KH#KRPH#SDJH#LV#KHOSLQJ#XV#WR#H[SDQG#
FRPPXQLFDWLRQV#E\#VLJQLILFDQWO\#LPSURYLQJ#WKH#DFFHVVLELOLW\#RI#'2(#
ZRUNHU#KHDOWK#DQG#VDIHW\#LQIRUPDWLRQ#WKURXJK#WKH#:RUOG#:LGH#:HE1##
'RFXPHQWV#QRZ#DYDLODEOH#WKURXJK#RXU#KRPH#SDJH#LQFOXGH=#(SLGHPLRORJLF#
6XUYHLOODQFH#5HSRUWV/#+HDOWK#%XOOHWLQV/#(SLGHPLRORJ\#1HZV/#&RPSUHKHQVLYH#
(SLGHPLRORJLF#'DWD#5HVRXUFH/#DQG#WKH#'2(#$FFHVV#+DQGERRN1##7KH#KRPH#
SDJH#SURYLGHV#LQIRUPDWLRQ#RQ#WKH#2IILFH#PLVVLRQ/#VWUDWHJLHV/#DQG#
SHUVRQQHO1##,W#DOVR#SURYLGHV#OLQNV#WR#RWKHU#SHUWLQHQW#SXEOLF#KHDOWK#
LQIRUPDWLRQ#UHODWHG#WR#'2(#ZRUNHUV#DQG#FRPPXQLWLHV#VXUURXQGLQJ#'2(#
VLWHV1#

3ODQV#DUH#WR#H[SDQG#UHSRUWV/#EXOOHWLQV/#DQG#UHODWHG#GRFXPHQWDWLRQ#
DYDLODEOH#WKURXJK#WKH#KRPH#SDJH>#XSGDWH#SURJUDP#GHVFULSWLRQV/#DQG#
LQFUHDVH#WKH#QXPEHU#RI#K\SHUOLQNV#WR#UHODWHG#,QWHUQHW#UHVRXUFHV#RQ#
RFFXSDWLRQDO#KHDOWK#DQG#VDIHW\/#DV#ZHOO#DV#SXEOLF#KHDOWK1
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%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########,,,,QQQQWWWWUUUUDDDDPPPPXXXXUUUUDDDDOOOO####++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV

((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJLLLLFFFF####6666XXXXUUUUYYYYHHHHLLLLOOOOOOOODDDDQQQQFFFFHHHH

7KH#JRDOV#RI#HSLGHPLRORJLF#VXUYHLOODQFH#DUH#WR#PRQLWRU#PRUELGLW\#DQG#DVVHVV#WKH#RYHUDOO#
KHDOWK#RI#WKH#'2(#ZRUNIRUFH/#DQG#WR#LGHQWLI\#JURXSV#WKDW#PD\#EH#DW#LQFUHDVHG#ULVN#IRU#
RFFXSDWLRQDO#LQMXU\#DQG#LOOQHVV1##(SLGHPLRORJLF#VXUYHLOODQFH#VXSSRUWV#WKH#'2(*V#RQO\#
PXOWLVLWH#KHDOWK#LQIRUPDWLRQ#GDWD#EDVH#OLQNHG#WR#FXUUHQW#ZRUNHUV1##7KH#SURJUDP#IDFLOLWDWHV#
LQWHUYHQWLRQV#WKDW#UHGXFH#RU#HOLPLQDWH#ULVN#DQG#SURYLGHV#D#PHDQV#E\#ZKLFK#WKH#
HIIHFWLYHQHVV#RI#WKHVH#FRUUHFWLYH#DFWLRQV#FDQ#EH#PHDVXUHG1#7KH#JRDOV#DUH#DFFRPSOLVKHG#
WKURXJK#WKH#URXWLQH#FROOHFWLRQ/#DQDO\VLV/#DQG#LQWHUSUHWDWLRQ#RI#VHOHFWHG#PRUELGLW\/#
GHPRJUDSKLF/#DQG#RFFXSDWLRQDO#H[SRVXUH#GDWD1##,Q#UHVSRQVH#WR#LQGLFDWLRQV#RI#H[FHVV#ULVN/#
WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#DVVHVVHV#WKH#QHHG#IRU#DGGLWLRQDO#LQYHVWLJDWLRQV#
DFFRUGLQJ#WR#DQ#HVWDEOLVKHG#SURWRFRO1##7KH#SURJUDP#SURYLGHV#WLPHO\#KHDOWK#LQIRUPDWLRQ#
DERXW#WKH#'2(#ODERU#IRUFH#DQG#LV#D#UHVRXUFH#IRU#UDSLG#UHVSRQVH#WR#KHDOWK#FRQFHUQV#UDLVHG#
E\#VWDNHKROGHUV1#$QQXDO#UHSRUWV/#DYDLODEOH#DW#'2(#UHDGLQJ#URRPV#DQG#GLVWULEXWHG#
WKURXJKRXW#WKH#VLWHV/#VXPPDUL]H#WKH#UHVXOWV#RI#HSLGHPLRORJLF#VXUYHLOODQFH#DW#SDUWLFLSDWLQJ#
VLWHV1##$W#VHYHUDO#VLWHV/#LPSOHPHQWDWLRQ#RI#WKH#SURJUDP#KDV#DOVR#DGYDQFHG#WKH#DXWRPDWLRQ#
RI#KHDOWK#GDWD#PDQDJHPHQW#V\VWHPV/#IRVWHULQJ#WKH#GHYHORSPHQW#RI#VWDWH0RI0WKH0DUW#
PHGLFDO#LQIRUPDWLRQ#PDQDJHPHQW1##7KH#(SLGHPLRORJLF#6XUYHLOODQFH#3URJUDP#LV#D#UHVSRQVH#
WR#'2(*V#OHJLVODWLYH#PDQGDWH#+$WRPLF#(QHUJ\#$FW#RI#4<87/#(QHUJ\#5HRUJDQL]DWLRQ#$FW#RI#
4<:7/#DQG#'HSDUWPHQW#RI#(QHUJ\#2UJDQL]DWLRQ#$FW/#4<::,#WR#PRQLWRU#WKH#LPSDFW#RI#LWV#
RSHUDWLRQV#RQ#WKH#HQYLURQPHQW/#WKH#KHDOWK#RI#LWV#ZRUNIRUFH/#DQG#WKH#UHVLGHQWV#RI#
FRPPXQLWLHV#VXUURXQGLQJ#'2(#VLWHV1#

6666SSSSHHHHFFFFLLLLDDDDOOOO####$$$$QQQQDDDDOOOO\\\\VVVVHHHHVVVV

7KHUH#DUH#DERXW#58/333#IHPDOH#HPSOR\HHV#DW#'2(#VLWHV#HQUROOHG#LQ#WKH#(SLGHPLRORJLF#
6XUYHLOODQFH#3URJUDP1##:RPHQ#DUH#HQJDJHG#LQ#DOO#MRE#FDWHJRULHV#IURP#RIILFH#VXSSRUW#WR#
QXFOHDU#HQJLQHHULQJ1#$OWKRXJK#ZRUN#FRQGLWLRQV#IRU#PHQ#DQG#ZRPHQ#DUH#EHFRPLQJ#PRUH#
DOLNH/#KLVWRULFDOO\#LW#ZDV#PDLQO\#PDOHV#ZKR#ZHUH#WKH#VXEMHFW#RI#KHDOWK#VWXGLHV1##7KLV#ZDV#
GXH#WR#WKH#UHODWLYHO\#VPDOO#QXPEHU#RI#ZRPHQ#DW#DQ\#RQH#VLWH/#VWXGLHV#RI#ZKLFK#FRXOG#OHDG#
WR#LQDFFXUDWH#HVWLPDWHV#RI#KHDOWK#HIIHFWV1##6XUYHLOODQFH#GDWD#DUH#QRZ#EHLQJ#DQDO\]HG#WR#
GHWHUPLQH#WKH#UDWHV#RI#LOOQHVV#DQG#LQMXU\#DPRQJ#ZRPHQ#LQ#WKH#FXUUHQW#ZRUNIRUFH#LQ#RUGHU#
WR#LGHQWLI\#ZRUNSODFH#FRQGLWLRQV#WKDW#PD\#EH#XQKHDOWK\1##7KH##VXUYHLOODQFH#GDWD#ZLOO#EH#WKH#
EDVLV#IRU#IXWXUH#LQ0GHSWK#VWXGLHV1##7KLV#UHVHDUFK#IRUPV#SDUW#RI#RXU#FRQWULEXWLRQ#WR#WKH#
1DWLRQDO#ZRPHQ*V#KHDOWK#LQLWLDWLYH#WR#HQVXUH#ZRPHQ*V#LQFOXVLRQ#LQ#)HGHUDO#KHDOWK#VWXGLHV1
&RQWDFW=##%RQQLH#5LFKWHU/#3K1'1##+634,#<3607834

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#HVWDEOLVK#D#GRVLPHWU\#H[SRVXUH#GDWD#PRGXOH#IRU#HSLGHPLRORJLF#VXUYHLOODQFH1
7R#FRPSOHWH#DQDO\VLV#RI#FDQFHU#LQFLGHQFH#UHYLHZ#IRU#IRUPHU#DQG#FXUUHQW#%URRNKDYHQ#
1DWLRQDO#/DERUDWRU\#ZRUNHUV1
7R#FRPSOHWH#LPSOHPHQWDWLRQ#RI#WKH#SURJUDP#DW#2DN#5LGJH#1DWLRQDO#/DERUDWRU\/#.DQVDV#
&LW\#3ODQW/#DQG#1HYDGD#7HVW#6LWH1
7R#H[SDQG#DQDO\VLV#RI#RFFXSDWLRQDO#LQMXULHV#DQG#LOOQHVVHV1
7R#FRQGXFW#DGGLWLRQDO#VSHFLDO#DQDO\VHV#RI#'2(#ZRUNHUV#DV#GDWD#SHUPLW1

3URJUDP#0DQDJHU=#&OLIWRQ#+1#6WUDGHU/#3K1'1/#+634,#<3608:<<
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%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########,,,,QQQQWWWWUUUUDDDDPPPPXXXXUUUUDDDDOOOO####++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV
,,,,QQQQWWWWUUUUDDDDPPPPXXXXUUUUDDDDOOOO####++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV####,,,,QQQQLLLLWWWWLLLLDDDDWWWWLLLLYYYYHHHH
%%%%HHHHUUUU\\\\OOOOOOOOLLLLXXXXPPPP####(((([[[[SSSSRRRRVVVVXXXXUUUUHHHH####5555HHHHJJJJLLLLVVVVWWWWUUUU\\\\####

'2(#KDV#XVHG#EHU\OOLXP#PHWDO#LQ#PDQ\#QXFOHDU#DSSOLFDWLRQV#RYHU#WKH#SDVW#VHYHUDO#
GHFDGHV1##:RUNHUV#ZKR#LQKDOH#EHU\OOLXP#GXVW#RU#SDUWLFOHV#FDQ#GHYHORS#D#FKURQLF/#
LUUHYHUVLEOH/#DQG#VRPHWLPHV#IDWDO#OXQJ#GLVHDVH#NQRZQ#DV#&KURQLF#%HU\OOLXP#
'LVHDVH#+&%',1#7KH#GLVHDVH#KDV#D#GHOD\HG#RQVHW/#PHDQLQJ#WKDW#LW#PD\#DSSHDU#
\HDUV#DIWHU#H[SRVXUH#KDV#FHDVHG1##$OWKRXJK#QRW#DOZD\V#D#IDWDO#GLVHDVH/#VHULRXV#
FDVHV#RI#&%'#FDQ#EH#GHELOLWDWLQJ#DQG#VKRUWHQ#OLIH#H[SHFWDQF\1##6LQFH#4<<4/#D#
VFUHHQLQJ#SURJUDP#DW#5RFN\#)ODWV#DQG#DW#2DN#5LGJH#KDV#H[DPLQHG#PRUH#WKDQ#
:/333#ZRUNHUV#DQG#LGHQWLILHG#9<#ZRUNHUV#ZLWK#&%'1##7KLV#VFUHHQLQJ#SURJUDP#
KDV#EHHQ#H[SDQGHG#WR#RWKHU#'2(#VLWHV1
##
7KH#2IILFH#LV#LQ#WKH#SURFHVV#RI#HVWDEOLVKLQJ#D#EHU\OOLXP#H[SRVXUH#UHJLVWU\1###7KH#
JRDO#RI#WKH#UHJLVWU\#LV#WR#GHWHUPLQH#ZKLFK#'2(#ZRUNHUV#ZHUH#H[SRVHG#WR#
EHU\OOLXP#DQG#ZKR#LV#DW#ULVN#IRU#GHYHORSLQJ#GLVHDVH1##,W#ZLOO#PRQLWRU#WKH#
HIIHFWLYHQHVV#RI#'2(*V#&%'#3UHYHQWLRQ#3URJUDP#HIIRUWV#WKURXJK#PDLQWHQDQFH#RI#
WKH#UHJLVWU\#RI#H[SRVHG#ZRUNHUV#DQG#WKHLU#RQJRLQJ#KHDOWK#VWDWXV1##,W#ZLOO#WUDFN#
EHU\OOLXP#ZRUNHUV/#UHJDUGOHVV#RI#WKH#VLWH#RU#PRYHPHQW#EHWZHHQ#VLWHV1##7KURXJK#
%ZDWFKIXO#YLJLODQFH/%#DQDO\VLV#RI#UHJLVWU\#GDWD#ZLOO#EH#IHG#EDFN#WR#ZRUNHUV#DQG#
KHDOWK#DQG#VDIHW\#SURIHVVLRQDOV#ZLWK#IRFXV#RQ#HDUO\#ZDUQLQJV#WR#JXLGH#WLPHO\#
LQWHUYHQWLRQ#DQG#SUHYHQWLRQ#DFWLYLWLHV#DQG#WR#LPSURYH#FRQWURO#PHDVXUHV/#DV#
DSSURSULDWH1##7KH#GDWD#ZLOO#KHOS#DVVHVV#WKH#EXUGHQ#RI#WKH#HIIHFWV#RI#EHU\OOLXP#
H[SRVXUH#RU#KHDOWK#RXWFRPHV1##,W#ZLOO#IDFLOLWDWH#HSLGHPLRORJLF#VWXGLHV#DQG#KHDOWK#
VXUYHLOODQFH#SURJUDPV#WR#EHWWHU#XQGHUVWDQG#&%'#DQG#LWV#SUHYHQWLRQ1#

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#GHYHORS#WKH#IUDPHZRUN#IRU#D#EHU\OOLXP#UHJLVWU\1
7R#LPSOHPHQW#WKH#UHJLVWU\#DW#'2(#VLWHV#ZLWK#FXUUHQW#H[SRVXUH#WR#EHU\OOLXP1
7R#SURYLGH#WHFKQLFDO#DVVLVWDQFH#WR#VLWHV#GXULQJ#LPSOHPHQWDWLRQ1

3URJUDP#0DQDJHU=##&ODXGLD#%HDFK/#51#&2+1##+634,#<360<;59
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((((SSSSLLLLGGGGHHHHPPPPLLLLRRRROOOORRRRJJJJLLLLFFFF####6666WWWWXXXXGGGGLLLLHHHHVVVV

7KH#2IILFH#FRQVLGHUV#UHTXHVWV#IURP#ZRUNHUV/#6WDWH#KHDOWK#GHSDUWPHQWV/#DQG#RWKHUV#
WR#FRQGXFW#KHDOWK#VWXGLHV#UHODWHG#WR#'2(#VLWHV1##3UHOLPLQDU\#KHDOWK#RU#H[SRVXUH#
LQIRUPDWLRQ#LV#HYDOXDWHG#ILUVW#E\#WKH#HSLGHPLRORJ\#VWDII1##$#YLVLW#WR#WKH#VLWH#RU#6WDWH#
KHDOWK#GHSDUWPHQW#PD\#WKHQ#EH#DUUDQJHG#IRU#DQ#DVVHVVPHQW#LQ#JUHDWHU#GHSWK1##7KH#
W\SHV#RI#HSLGHPLRORJLF#LQYHVWLJDWLRQV#DUH#YDULHG1#)RU#H[DPSOH/#ZH#KDYH#LQYHVWLJDWHG#
FRPPXQLW\#KHDOWK#FRQFHUQV#UHODWHG#WR#XQGHUJURXQG#QXFOHDU#GHWRQDWLRQV#DW#WKH#
6DOPRQ#7HVW#6LWH/#DV#ZHOO#DV#ZRUNHU#FRQFHUQV#DERXW#FDQFHU#DW#WKH#3LWWVEXUJK#
(QHUJ\#7HFKQRORJ\#&HQWHU1##7KH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#LV#DOVR#DYDLODEOH#WR#
UHYLHZ#RU#HYDOXDWH#GDWD#SUHYLRXVO\#DQDO\]HG#E\#RWKHU#LQYHVWLJDWRUV1##
&RQWDFW=##%RQQLH#5LFKWHU/#3K1'1/#+634,#<3607834



%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV####0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW

8888111166661111####7777UUUUDDDDQQQQVVVVXXXXUUUUDDDDQQQQLLLLXXXXPPPP####DDDDQQQQGGGG####8888UUUUDDDDQQQQLLLLXXXXPPPP####5555HHHHJJJJLLLLVVVVWWWWUUUULLLLHHHHVVVV####++++88886666777788885555,,,,

86785#LV#D#PDMRU#FRPSRQHQW#RI#'2(*V#ORQJ0VWDQGLQJ#SURJUDPV#WR#LPSURYH#RXU#
DELOLW\#WR#HVWLPDWH#LQWHUQDO#GRVHV#DWWULEXWDEOH#WR#WKH#LQWDNH#RI#SOXWRQLXP#DQG#
XUDQLXP#DQG#RWKHU#ORQJ0OLYHG/#DOSKD0HPLWWLQJ#UDGLRDFWLYH#PDWHULDOV1##%DVHG#RQ#
YROXQWDU\#HQUROOPHQW#RI#RFFXSDWLRQDOO\#H[SRVHG#LQGLYLGXDOV/#WKH#5HJLVWULHV#KDYH#
EHFRPH#D#XQLTXH#UHVRXUFH#RI#GDWD/#UDGLRDQDO\WLFDO#FDSDELOLWLHV/#DQG#UHVHDUFK#
PDWHULDOV1##86785#LQFOXGHV#WKH#RSHUDWLRQ#RI#WZR#FDWDORJXHG#UHSRVLWRULHV/#WKH#
1DWLRQDO#+XPDQ#5DGLRELRORJ\#7LVVXH#5HSRVLWRU\#DQG#WKH#1DWLRQDO#5DGLRELRORJ\#
$UFKLYH#RI#7LVVXHV#IURP#DQLPDO#VWXGLHV/#WR#HQVXUH#WKDW#GRQDWHG#WLVVXHV#DQG#
KLVWRSDWKRORJ\#VOLGHV#DUH#DYDLODEOH#IRU#XVH#E\#DOO#LQWHUHVWHG#UHVHDUFKHUV1##7KHVH#
UHVRXUFHV#DUH#IXQGDPHQWDO#WR#WKH#5HJLVWULHV*#FRQWLQXHG#VXFFHVV#LQ#UHILQLQJ#
ELRNLQHWLF#PRGHOV#DQG#UDGLRORJLFDO#VWDQGDUGV#WKDW#DUH#LQ#ZRUOGZLGH#XVH#WR#KHOS#
HQVXUH#VDIH#ZRUNLQJ#FRQGLWLRQV1##9LVLW#WKH#86785#ZHE#VLWH#DW#
KWWS=22ZZZ1WULFLW\1ZVX1HGX2aXVWXU

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#SXEOLVK#UHVHDUFK#UHVXOWV#LQ#DW#OHDVW#WHQ#SHHU0UHYLHZHG#DUWLFOHV/#RQH#RI#ZKLFK#
ZLOO#EH#DQ#DUWLFOH#FKDUDFWHUL]LQJ#D#QHZ#ELRNLQHWLF#PRGHO#IRU#$P0574/#XWLOL]LQJ#
SDUDPHWHUV#GHYHORSHG#IURP#UHFHQW#86785#GDWD1##
7R#LQFUHDVH#FROODERUDWLRQ#LQ#D#MRLQW#5XVVLDQ086785#SURMHFW#WR#PDLQWDLQ#D#
UDGLRFKHPLVWU\#LQWHUFRPSDULVRQ#VFKHGXOH#DQG#XSJUDGH#RI#5XVVLDQ#UDGLRFKHPLVWU\#
FDSDELOLWLHV1##
7R#XWLOL]H#WHFKQLTXHV#WKDW#LQFUHDVH#HIILFLHQFLHV#LQ#UDGLRFKHPLFDO#SURFHVVHV#WR#PRUH#
TXLFNO\#DQDO\]H#WLVVXHV1##
7R#LQLWLDWH#F\WRJHQHWLF#HYDOXDWLRQ/#VXFK#DV#PROHFXODU#SURELQJ#RU#FKURPRVRPH#
SDLQWLQJ/#IRU#DW#OHDVW#RQH#VXLWDEOH#86785#FDVH#WR#VWXG\#SRWHQWLDO#ELRHIIHFWV#RI#
UDGLDWLRQ#DQG#FKHPLFDOV1#
7R#FRPSOHWH#WUDQVIHU#RI#86785#GLVVHFWLRQ#ODERUDWRU\#DQG#WLVVXH#UHSRVLWRULHV#
IURP#6SRNDQH#WR#QHZ#ORZHU#FRVW#IDFLOLWLHV#LQ#5LFKODQG1

3URJUDP#0DQDJHU=##%DUEDUD#*1#%URRNV/#0161#+634,#<36079:7
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%%%%XXXXVVVVLLLLQQQQHHHHVVVVVVVV####////LLLLQQQQHHHH====########++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV####0000DDDDQQQQDDDDJJJJHHHHPPPPHHHHQQQQWWWW

&&&&RRRRPPPPPPPPXXXXQQQQLLLLWWWW\\\\####6666WWWWXXXXGGGGLLLLHHHHVVVV

'XULQJ#WKH#SDVW#83#\HDUV/#YDVW#TXDQWLWLHV#RI#UDGLRDFWLYH#DQG#FKHPLFDO#PDWHULDOV#
KDYH#EHHQ#XVHG#LQ#WKH#RSHUDWLRQ#RI#'2(#ZHDSRQV#SURGXFWLRQ#IDFLOLWLHV1##8QNQRZQ#
DPRXQWV#RI#WKHVH#PDWHULDOV#ZHUH#GLVFKDUJHG#WR#WKH#HQYLURQPHQW/#SRVVLEO\#H[SRVLQJ#
SHRSOH#OLYLQJ#LQ#QHDUE\#FRPPXQLWLHV1##5HVLGHQWV#DUH#FRQFHUQHG#WKDW#FRQWDFW#ZLWK#
WKHVH#FRQWDPLQDQWV#PD\#UHVXOW#LQ#DGYHUVH#KHDOWK#HIIHFWV1

7R#DGGUHVV#WKHVH#KHDOWK#FRQFHUQV/#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#LQLWLDWHG#WKH#
6WDWH#+HDOWK#$JUHHPHQW#+6+$,#3URJUDP1##7KH#SURJUDP#KDV#DOORZHG#6WDWH#KHDOWK#
GHSDUWPHQWV#WR#DGGUHVV#FLWL]HQ#KHDOWK#FRQFHUQV#DQG#HQDEOHG#WKHP#WR#EXLOG#WKHLU#
FDSDFLWLHV#WR#DGGUHVV#HQYLURQPHQWDO#KHDOWK#LVVXHV1##7KH#ILUVW#JUDQW#ZDV#DZDUGHG#
WR#&RORUDGR#LQ#4<;<1##6LQFH#WKDW#WLPH/#JUDQWV#KDYH#EHHQ#DZDUGHG#WR#&DOLIRUQLD/#
)ORULGD/#,GDKR/#1HZ#0H[LFR/#6RXWK#&DUROLQD/#DQG#7HQQHVVHH1##:RUN#RQ#VWXGLHV#LQ#
)ORULGD/#,GDKR/#DQG#1HZ#0H[LFR#KDV#EHHQ#FRPSOHWHG>#VWXGLHV#LQ#&DOLIRUQLD/#&RORUDGR/#
DQG#7HQQHVVHH#ZLOO#EH#ILQLVKHG#LQ#)<#<;0<<1

7KH#DFWLYLWLHV#VXSSRUWHG#XQGHU#WKH#6+$#3URJUDP#KDYH#EHHQ#EURDG#LQ#VFRSH#DQG#
LQFOXGH#GHWHUPLQDWLRQ#RI#RIIVLWH#FKHPLFDO#DQG#UDGLRORJLF#H[SRVXUH#+KLVWRULFDO#GRVH#
UHFRQVWUXFWLRQ,/#HVWDEOLVKPHQW#RI#FDQFHU#DQG#ELUWK#GHIHFWV#UHJLVWULHV/#FRPPXQLW\#
KHDOWK#VWXGLHV/#DQG#FRPPXQLW\#KHDOWK#HGXFDWLRQ#DFWLYLWLHV#UHODWHG#WR#UDGLDWLRQ#DQG#
FKHPLFDO#H[SRVXUH1##,QIRUPDWLRQ#IURP#WKHVH#YDULRXV#SURJUDPV#DUH#DYDLODEOH#IURP#
WKH#6WDWH#KHDOWK#GHSDUWPHQWV#RU#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV1

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

,Q#WKH#6RXWK#&DUROLQD#SURJUDP/#WR#DQDO\]H#ILYH#\HDUV#RI#FDQFHU#LQFLGHQFH#GDWD
#DQG#SXEOLVK#UHSRUWV1
,Q#WKH#&DOLIRUQLD#SURJUDP/#WR#FRPSOHWH#D#VWXG\#RI#FKHPLFDO#H[SRVXUHV#DQG###############
PRUWDOLW\#DPRQJ#WKH#ZRUNHUV1
,Q#WKH#7HQQHVVHH#DQG#&RORUDGR#SURJUDPV/#WR#ILQDOL]H#GUDIW#WHFKQLFDO#UHSRUWV#RQ#########
HDFK#FRQWDPLQDQW#DQG#SUHSDUH#D#VXPPDU\#UHSRUW/#LQ#OD\#WHUPV/#WKDW#SUHVHQWV
DOO#VWXG\#UHVXOWV/#LQFOXGLQJ#DQ#DVVHVVPHQW#RI#KHDOWK#ULVNV#GXH#WR#VLPXOWDQHRXV########
H[SRVXUH#WR#UDGLRDFWLYH#DQG#FKHPLFDO#FRQWDPLQDQWV1##

3URJUDP#0DQDJHU#DQG#&RQWDFW#IRU#6RXWK#&DUROLQD=
####%RQQLH#5LFKWHU/#3K1'1##+634,#<3607834
&RQWDFW#IRU#&DOLIRUQLD#3URJUDP=##
###*HUDOG#3HWHUVHQ/#3K1'1##+634,#<3605673
&RQWDFW#IRU#7HQQHVVHH#DQG#&RORUDGR#3URJUDPV=##
###%DUEDUD#%URRNV/#0161##+634,#<36079:7
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+HDOWK#VWXGLHV#KDYH#EHHQ#FRQGXFWHG#DW#'2(#VLWHV#IRU#PRUH#WKDQ#73#\HDUV#DV#PDQGDWHG#
E\#WKH#$WRPLF#(QHUJ\#$FW#RI#4<871#5HFHQWO\/#'2(#IXQGHG#RWKHU#KHDOWK#DJHQFLHV#WR#DVVLVW#
ZLWK#WKLV#ZRUN1##,Q#4<<3/#'2(#VLJQHG#D#0HPRUDQGXP#RI#8QGHUVWDQGLQJ#ZLWK#WKH#
'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV#+++6,#WR#VXSSRUW#DQ#H[WHUQDO#KHDOWK#UHVHDUFK#
SURJUDP1##:LWKLQ#++6/#VWXGLHV#IRFXVLQJ#RQ#ZRUNHU#LVVXHV#DUH#FRQGXFWHG#E\#WKH#1DWLRQDO#
,QVWLWXWH#IRU#2FFXSDWLRQDO#6DIHW\#DQG#+HDOWK#+1,26+,#DQG#FRPPXQLW\#VWXGLHV#DUH#
FRQGXFWHG#E\#WKH#1DWLRQDO#&HQWHU#IRU#(QYLURQPHQWDO#+HDOWK#+1&(+,1##&XUUHQWO\#PRUH#WKDQ#
83#VWXGLHV#DUH#XQGHUZD\#DW#YDULRXV#VLWHV1##6RPH#RI#WKHVH#SURMHFWV#H[DPLQH#KHDOWK#
FRQFHUQV#LQ#WKH#ZRUNIRUFH>#RWKHUV#H[DPLQH#KHDOWK#FRQFHUQV#DPRQJ#UHVLGHQWV#RI#
FRPPXQLWLHV#QHDU#'2(#WKDW#PLJKW#EH#UHODWHG#WR#H[SRVXUHV#IURP#WKH#VLWH1##7R#UHYLHZ#
DGGLWLRQDO#LQIRUPDWLRQ#RQ#VWXGLHV#EHLQJ#FRQGXFWHG#DW#'2(/#FOLFN#RQ#%(SLGHPLRORJ\#1HZV/%#
RQ#WKH#(SLGHPLRORJLF#6WXGLHV*#+RPH#3DJH1##

'DWD#IURP#WKH#VWXGLHV#+H[FOXGLQJ#SHUVRQDO#LGHQWLI\LQJ#LQIRUPDWLRQ,#DUH#PDGH#DYDLODEOH#WR#
UHVHDUFKHUV#WKURXJK#D#SXEOLF0XVH#GDWDEDVH#0#&RPSUHKHQVLYH#(SLGHPLRORJLF#'DWD#5HVRXUFH#
+&('5,1##7KH#,QWHUQHW#DGGUHVV#LV=##KWWS=22FHGU1OEO1JRY1

7KH#%$FFHVV#+DQGERRN#0#&RQGXFWLQJ#+HDOWK#6WXGLHV#DW#'HSDUWPHQW#RI#(QHUJ\#6LWHV%#
SURYLGHV#PRUH#GHWDLOHG#LQIRUPDWLRQ#RQ#WKH#UROHV#DQG#UHVSRQVLELOLWLHV#RI#HDFK#JURXS#ZKHQ#D#
ZRUNHU#VWXG\#LV#LQLWLDWHG1##&RSLHV#DUH#DYDLODEOH#E\#FRQWDFWLQJ#0DUVKD#/DZQ#DW#+634,#
<3606:54#RU#H0PDLO#DW#PDUVK1ODZQ#HK1GRH1JRY1

****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<

7R#GHYHORS#D#FRRUGLQDWHG#UHVHDUFK#DJHQGD#DORQJ#ZLWK
#RXU#SDUWQHUV#DQG#FXVWRPHUV1
7R#VHUYH#DV#WKH#SULPDU\#SRLQW0RI0FRQWDFW#ZLWKLQ#'2(#
#IRU#HSLGHPLRORJLF#VWXGLHV#UHJDUGOHVV#RI#ZKLFK#
#RUJDQL]DWLRQ#RU#DJHQF\#LV#FRQGXFWLQJ#WKH#VWXG\1
7R#SURYLGH#LQIRUPDWLRQ#WR#'2(#HOHPHQWV#FRQFHUQLQJ#
#HSLGHPLRORJLF#KHDOWK#VWXGLHV1
7R#SUHSDUH#QRWLFHV#RI#D#KHDOWK#VWXG\#IRU#GLVWULEXWLRQ#
#E\#2SHUDWLRQV#2IILFHV#WR#DOO#HPSOR\HHV#ZKHQ#DQ#
#HSLGHPLRORJLF#VWXG\#LV#WR#EH#XQGHUWDNHQ1
7R#FRRUGLQDWH#LQWURGXFWRU\#VLWH#YLVLWV1
7R#FRRUGLQDWH#PHHWLQJV#DQG#IDFLOLWDWH#GLVSXWH#UHVROXWLRQ1
7R#PDLQWDLQ#FRQWDFW#RQ#D#UHJXODU#DQG#DQ#DV0QHHGHG#
#EDVLV#ZLWK#++6#VWDII1

3URJUDP#0DQDJHU#1,26+#6WXGLHV==##*HUDOG#3HWHUVHQ/#3K1'1#)$&(##+634,#<3605673
3URJUDP#0DQDJHU#1&(+#6WXGLHV=##&ODXGLD#%HDFK/#51#&2+1#+634,#<360<;59
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+HDOWK#6WXGLHV#0DQDJHPHQW#,QLWLDWLYH

++++HHHHDDDDOOOOWWWWKKKK####6666WWWWXXXXGGGGLLLLHHHHVVVV####::::RRRRUUUUNNNNVVVVKKKKRRRRSSSSVVVV

3XEOLF#+HDOWK#$FWLYLWLHV=##'LDORJXHV#ZLWK#:RUNHUV#DQG#&RPPXQLWLHV

'2(#DQG#WKH#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV#+'++6,#KDYH#
XQGHUWDNHQ#D#MRLQW#HIIRUW#WR#LPSURYH#FRRUGLQDWLRQ#RI#KHDOWK0UHODWHG#VWXGLHV#DW#
VLWHV#DFURVV#WKH#'2(#FRPSOH[1##$V#SDUW#RI#WKLV#HQGHDYRU/#WKH#WZR#DJHQFLHV#DUH#
VROLFLWLQJ#IHHGEDFN#IURP#ZRUNHUV/#FRPPXQLWLHV/#DQG#RWKHU#VWDNHKROGHUV#
UHJDUGLQJ#SURJUDPV#FXUUHQWO\#LQ#SODFH#DQG#DERXW#WKH#GLUHFWLRQ#WKDW#
KHDOWK0UHODWHG#DFWLYLWLHV#VKRXOG#WDNH#LQ#WKH#IXWXUH1##3XEOLF#ZRUNVKRSV#ZHUH#KHOG#
DW#D#QXPEHU#RI#'2(#VLWHV#WKURXJK#HDUO\#4<<;1##:RUNVKRS#SDUWLFLSDQWV##
LQFOXGHG#UHSUHVHQWDWLYHV#IURP#'2(#2IILFH#RI#(QYLURQPHQWDO#6DIHW\#DQG#+HDOWK#
DQG#WKH#2IILFH#RI#(QYLURQPHQWDO#0DQDJHPHQW/#/#'++6/#6WDWH#KHDOWK#
GHSDUWPHQWV/#'2(#VLWH/#FRQWUDFWRUV/#DQG#ZRUNHU#ODERU#UHSUHVHQWDWLYHV/#DV#ZHOO#
DV#ORFDO#VWDNHKROGHUV#DQG#PHPEHUV#RI#WKH#FRPPXQLW\1##$OVR#SDUWLFLSDWLQJ#ZHUH#
FLWL]HQ#DGYLVRU\#ERDUG#PHPEHUV#DQG#VLWH0EDVHG#KHDOWK#HIIHFWV#VXEFRPPLWWHHV1##
0HHWLQJV#DUH#DGYHUWLVHG#LQ#WKH#)HGHUDO#5HJLVWHU/#ORFDO#QHZV#SDSHUV#DQG#
QHZVOHWWHUV/#RU#QRWLFHV#DQG#GLUHFW#PDLOLQJV1##:ULWWHQ#FRPPHQWV#DUH#DOVR#
DFFHSWHG#DIWHU#WKH#ZRUNVKRS#KDV#EHHQ#FRPSOHWHG1##
#
****RRRRDDDDOOOOVVVV####IIIIRRRRUUUU####4444<<<<<<<<;;;;00004444<<<<<<<<<<<<
7R#KDYH#PRUH#GLUHFW#LQWHUDFWLRQ#ZLWK#VWDNHKROGHUV1
7R#JDLQ#D#EURDGHU#LQSXW#WR#WKH#IRUPXODWLRQ#RI#DQ#DJHQGD#IRU#IXWXUH#KHDOWK#
VWXGLHV#DQG#RWKHU#SXEOLF#KHDOWK#DFWLYLWLHV1#
7R#EDVH#D#UHVHDUFK#DJHQGD#RQ#D#VHW#RI#SULRULWLHV#UHVSRQVLYH#WR#ZRUNHU#DQG#
FRPPXQLW\#FRQFHUQV#WKDW#UHFRJQL]HV#EXGJHWDU\#OLPLWDWLRQV/#DQG#OHDGV#WR#D#
FOHDUHU#XQGHUVWDQGLQJ#RI#WKH#KHDOWK#LPSDFWV#RI#'2(#RSHUDWLRQV#DQG#LPSURYHG#
KHDOWK#SURWHFWLRQ#DQG#SUHYHQWLRQ#SURJUDPV#IRU#ZRUNHUV#DQG#FRPPXQLWLHV1

3URJUDP#0DQDJHU=##+HDWKHU#6WRFNZHOO/#6F1'1##+634,#<3606:54
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6666WWWWDDDDIIIIIIII####3333UUUURRRRIIIILLLLOOOOHHHHVVVV

++++HHHHDDDDWWWWKKKKHHHHUUUU####****1111####6666WWWWRRRRFFFFNNNNZZZZHHHHOOOOOOOO////####6666FFFF1111''''1111//// #LV##WKH#'LUHFWRU#RI#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV1##$V#2IILFH#'LUHFWRU/#KHU#
UHVSRQVLELOLWLHV#LQFOXGH#PDQDJHPHQW#RI#DOO#DVSHFWV#RI#ERWK#WKH#LQWUDPXUDO#DQG#H[WUDPXUDO#KHDOWK#VWXGLHV#
SURJUDPV1##'U1#6WRFNZHOO#FRRUGLQDWHV#DQ#H[WHUQDO#HSLGHPLRORJ\#UHVHDUFK#SURJUDP#ZLWK#WKH#&HQWHUV#IRU#
'LVHDVH#&RQWURO#DQG#3UHYHQWLRQ#DQG#LV#LQYROYHG#LQ#D#ORQJ0WHUP#VWUDWHJLF#SODQQLQJ#LQLWLDWLYH#E\#WKH#WZR#
DJHQFLHV1##6KH#DOVR#GLUHFWV#DQ#LQWHUQDO#HSLGHPLRORJLF#UHVHDUFK#DQG#VXUYHLOODQFH#SURJUDP1##'U1#6WRFNZHOO*V#
UHVSRQVLELOLWLHV#LQFOXGH#WKH#FRQWLQXHG#GHYHORSPHQW#RI#WKH#RIILFH*V#SXEOLF0XVH#GDWDEDVH#DQG#RWKHU#KHDOWK#
FRPPXQLFDWLRQ#DFWLYLWLHV1##6KH#PDQDJHV#VHYHUDO#ODUJH#JUDQWV#SURJUDPV/#LQFOXGLQJ#DQ#HQYLURQPHQWDO#
HSLGHPLRORJLF#SURJUDP#DQG#WKH#8161#7UDQVXUDQLXP#DQG#8UDQLXP#5HJLVWULHV1##%HIRUH#MRLQLQJ#WKH#'2(#LQ#4<<5/#
'U1#6WRFNZHOO#ZDV#$VVRFLDWH#3URIHVVRU#RU#(SLGHPLRORJ\#DQG#'HDQ#IRU#5HVHDUFK#LQ#WKH#&ROOHJH#RI#3XEOLF#
+HDOWK#DW#WKH#8QLYHUVLW\#RI#6RXWK#)ORULGD#+86),1##$W#86)/#VKH#FRQGXFWHG#UHVHDUFK#LQWR#WKH#RFFXSDWLRQDO#
DQG#HQYLURQPHQWDO#FDXVHV#RI#FDQFHU/#LQFOXGLQJ#UHVHDUFK#RQ#WKH#KHDOWK#HIIHFWV#RI#LQGRRU#UDGRQ#DQG#
HQYLURQPHQWDO#WREDFFR#VPRNH1##:KLOH#DW#WKH#&ROOHJH#RI#3XEOLF#+HDOWK/#'U1#6WRFNZHOO#GHYHORSHG#WKH#GRFWRUDO#
SURJUDP#LQ#HSLGHPLRORJ\#DQG#VXSHUYLVHG#VWXGHQW#GRFWRUDO#UHVHDUFK1##6KH#ZDV#HOHFWHG#+HDG#RI#WKH#
(SLGHPLRORJ\#6HFWLRQ#RI#WKH#)ORULGD#3XEOLF#+HDOWK#$VVRFLDWLRQ#DQG#ZRUNHG#FORVHO\#ZLWK#WKH#6WDWH#RQ#
QXPHURXV#HSLGHPLRORJ\#SURMHFWV1##'U1#6WRFNZHOO*V#UHVHDUFK#KDV#EHHQ#SXEOLVKHG#H[WHQVLYHO\#LQ#WKH#VFLHQWLILF#
OLWHUDWXUH1##+HU#FXUUHQW#UHVHDUFK#LQWHUHVWV#LQFOXGH#UDGLDWLRQ#KHDOWK#HIIHFWV/#FDQFHU#HSLGHPLRORJ\/#DQG#
RFFXSDWLRQDO#DQG#HQYLURQPHQWDO#FDXVHV#RI#FDQFHU1##6KH#FRQWLQXHV#WR#PDLQWDLQ#D#UHVHDUFK#LQWHUHVW#LQ#FDQFHU#
DPRQJ#ZRPHQ1##'U1#6WRFNZHOO#UHFHLYHG#KHU#6F1'1#LQ#HSLGHPLRORJ\#IURP#WKH#-RKQV#+RSNLQV#6FKRRO#RI#+\JLHQH#
DQG#3XEOLF#+HDOWK/#VSHFLDOL]LQJ#LQ#HQYLURQPHQWDO#DQG#RFFXSDWLRQDO#HSLGHPLRORJ\1

&&&&OOOODDDDXXXXGGGGLLLLDDDD####////1111####%%%%HHHHDDDDFFFFKKKK////####55551111####&&&&2222++++1111////#### LV#DQ#RFFXSDWLRQDO#KHDOWK#QXUVH#VSHFLDOLVW#DQG#WKH#QHZHVW#DGGLWLRQ#WR#WKH#2IILFH#
RI#(SLGHPLRORJLF#6WXGLHV1##6KH#KDV#59#\HDUV#H[SHULHQFH#LQ#RFFXSDWLRQDO#KHDOWK#DQG#VDIHW\/#OLWLJDWLRQ#
VXSSRUW#DFWLYLWLHV/#DQG#WUDLQLQJ1##,Q#KHU#SRVLWLRQ#ZLWK#WKH#'2(*V#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV/#VKH#
SURYLGHV#FOLQLFDO#LQSXW#WR#VHQLRU#HSLGHPLRORJ\#VWDII#RQ#LQYHVWLJDWLRQV/#VLWH#WHDPLQJ/#DQG#VXUYHLOODQFH#
SURJUDPV1##0V1#%HDFK#HYDOXDWHV#WKH#QHHG#IRU#YDULRXV#VFUHHQLQJ#SURJUDPV1##0V1#%HDFK#UHFHQWO\#JUDGXDWHG#
IURP#WKH#86'$#*UDGXDWH#6FKRRO*V#([HFXWLYH#3RWHQWLDO#3URJUDP1##0V1#%HDFK#VHUYHG#DV#DQ#RFFXSDWLRQDO#
KHDOWK#QXUVH#VXSHUYLVRU#ZLWK#&KU\VOHU#&RUSRUDWLRQ/#DV#RFFXSDWLRQDO#KHDOWK#VHUYLFHV#PDQDJHU#ZLWK#
&RQVROLGDWHG#'LHVHO#&RPSDQ\/#DQG#RFFXSDWLRQDO#KHDOWK#FKDUJH0QXUVH#ZLWK#WKH#8161#3XEOLF#+HDOWK#6HUYLFH#DW#
WKH#:KLWH#+RXVH#&RPSOH[1##,Q#DGGLWLRQ/#VKH#KDV#VHUYHG#DV#5HSHWLWLYH#6WUHVV#,QMXU\#3UHYHQWLRQ#FRRUGLQDWRU#
IRU#WKH#:DVKLQJWRQ#3RVW/#DQG#DV#DQ#HYHQW#QXUVH#IRU#7KH#:DVKLQJWRQ#&RQYHQWLRQ#&HQWHU1##6KH#KROGV#D#%$#
LQ#0DQDJHPHQW#IURP#1DWLRQDO#/RXLV#8QLYHUVLW\#DQG#LV#ERDUG#FHUWLILHG#LQ#RFFXSDWLRQDO#KHDOWK#QXUVLQJ1##

%%%%DDDDUUUUEEEEDDDDUUUUDDDD####****1111####%%%%UUUURRRRRRRRNNNNVVVV////####0000111166661111//// #LV#D#KHDOWK#SK\VLFLVW#ZLWK#PRUH#WKDQ#58#\HDUV#RI#)HGHUDO#*RYHUQPHQW#H[SHULHQFH#
LQ#UDGLRORJLFDO#SURWHFWLRQ1##6HUYLQJ#LQ#WKH#2IILFH#VLQFH#LWV#HVWDEOLVKPHQW#LQ#4<<3/#VKH#SURYLGHV#WHFKQLFDO#
VXSSRUW#WR#DOO#2IILFH#SURJUDPV1##8VLQJ#KHU#EURDG#H[SHULHQFH#LQ#SURMHFW#DQG#GDWD#PDQDJHPHQW/#0V1#%URRNV#
OHG#WKH#2IILFH#HIIRUW#WR#GHYHORS#D#SXEOLF0XVH#GDWDEDVH#RI#HSLGHPLRORJLF#GDWD#DQG#FRQWLQXHV#DV#SURJUDP#
PDQDJHU#IRU#WKH#&RPSUHKHQVLYH#(SLGHPLRORJLF#'DWD#5HVRXUFH#+&('5,1##+HU#RWKHU#UHVSRQVLELOLWLHV#LQFOXGH#
SURYLGLQJ#'2(#UHSUHVHQWDWLRQ#DQG#FRQVXOWDWLRQ#WR#6WDWH#DGYLVRU\#SDQHOV#WKDW#DUH#RYHUVHHLQJ#KLVWRULFDO#
FRPPXQLW\#H[SRVXUH#VWXGLHV#LQ#&RORUDGR#DQG#7HQQHVVHH#DQG#PDQDJLQJ#D#XQLYHUVLW\#JUDQW#IRU#UHVHDUFK#RQ#
WKH#ELRNLQHWLFV#RI#DFWLQLGHV#LQ#KXPDQV1##0V1#%URRNV*#SULRU#H[SHULHQFH#LQFOXGHV#53#\HDUV#ZLWK#WKH#1XFOHDU#
5HJXODWRU\#&RPPLVVLRQ/#ZKHUH#VKH#SXEOLVKHG#QXPHURXV#UHSRUWV#WKDW#DQDO\]HG#GDWD#RQ#RFFXSDWLRQDO#
UDGLDWLRQ#H[SRVXUHV1##6KH#UHFHLYHG#KHU#0DVWHU*V#GHJUHH#LQ#KHDOWK#SK\VLFV#IURP#WKH#8QLYHUVLW\#RI#7HQQHVVHH#
DQG#LV#D#PHPEHU#RI#WKH#+HDOWK#3K\VLFV#6RFLHW\1
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&&&&DDDDUUUURRRROOOO\\\\QQQQ####++++1111####&&&&OOOODDDDUUUUNNNNHHHH#### VHUYHV#DV#WKH#SURJUDP#VXSSRUW#VSHFLDOLVW#IRU#WKH#2IILFH1##0V1#&ODUNH#KDV#SURJUDP#
UHVSRQVLELOLW\#IRU#EXGJHW#DQG#SURFXUHPHQW1#6KH#LV#WKH#OLDLVRQ#IRU#SHUVRQQHO#DFWLRQV#DQG#PDQDJHV#VWDII#
WUDYHO1###0V1#&ODUNH#KDV#H[SHUWLVH#LQ#GHVNWRS#SXEOLVKLQJ#DQG#JUDSKLFV#SUHVHQWDWLRQV#DQG#LV#WKH#SULPDU\#
HGLWRU#RI#DOO#WHFKQLFDO#SXEOLFDWLRQV1#,Q#DGGLWLRQ/#VKH#VHUYHV#DV#SURJUDP#FRRUGLQDWRU#IRU#WKH#
&RPSUHKHQVLYH#(SLGHPLRORJLF#'DWD#5HVRXUFH1#6KH#KDV#EHHQ#D#PHPEHU#RI#WKH#2IILFH#VLQFH#)HEUXDU\#
4<<4/#KDYLQJ#SUHYLRXVO\#KHOG#SRVLWLRQV#ZLWK#VHYHUDO#RWKHU#)HGHUDO#DJHQFLHV1##,Q#4<<8/#0V1#&ODUNH#
FHOHEUDWHG#53#\HDUV#RI#VHUYLFH#ZLWK#WKH#)HGHUDO#*RYHUQPHQW1##+HU#SURIHVVLRQDO#H[SHULHQFH#DOVR#
LQFOXGHV#ZRUN#LQ#WKH#SULYDWH#VHFWRU/#LQFOXGLQJ#FRPPXQLFDWLRQV#DQG#UHDO#HVWDWH#GHYHORSPHQW1#######

0000DDDDUUUUVVVVKKKKDDDD####////DDDDZZZZQQQQ#### SURYLGHV#DGPLQLVWUDWLYH#JXLGDQFH#DQG#VXSSRUW#WR#WKH#2IILFH#'LUHFWRU#DQG#VWDII1#6KH#LV#
UHVSRQVLEOH#IRU#FRRUGLQDWLQJ#WKH#XQVROLFLWHG#JUDQWV#DSSOLFDWLRQ#SURFHVV#ZLWKLQ#WKH#2IILFH1#0V1#/DZQ#LV#
DOVR#WKH#FRQIHUHQFH#DQG#ZRUNVKRS#FRRUGLQDWRU1##8VLQJ#KHU#VNLOOV#LQ#GHVNWRS#SXEOLVKLQJ/#VKH#SURGXFHV#
WKH#+HDOWK#%XOOHWLQV#DQG#SUHVHQWDWLRQ#PDWHULDOV1##0V1#/DZQ#KDV#H[SDQGHG#KHU#UROH#ZLWKLQ#WKH#RIILFH#E\#
HQKDQFLQJ#KHU#VNLOOV#WR#SURYLGH#PDQDJHPHQW#DQDO\VLV#VXSSRUW1##,Q#DGGLWLRQ#WR#WKHVH#GXWLHV/#0V#/DZQ#LV#
WKH#2IILFH#RI#+HDOWK#6WXGLHV*#UHSUHVHQWDWLYH#WR#WKH#7HFKQLFDO#4XDOLILFDWLRQ#3URJUDP#DQG#LV#WKH#7UDLQLQJ#
&RRUGLQDWRU1#0V1#/DZQ#UHFHQWO\#JUDGXDWHG#IURP#WKH#86'$#*UDGXDWH#6FKRRO*V#1HZ#/HDGHU#3URJUDP/#
ZKLFK#IRFXVHV#RQ#WKH#OHDGHUVKLS#DQG#WHDPLQJ#DELOLWLHV#RI#)HGHUDO#(PSOR\HHV1##6KH#KDV#EHHQ#ZLWK#WKH#
'HSDUWPHQW#RI#(QHUJ\#VLQFH#4<;:1##3ULRU#WR#WKDW#VKH#ZRUNHG#LQ#WKH#SULYDWH#VHFWRU#DQG#DW#RWKHU#)HGHUDO#
DJHQFLHV1#

****HHHHUUUUDDDDOOOOGGGG####3333HHHHWWWWHHHHUUUUVVVVHHHHQQQQ////####3333KKKK1111''''1111////####))))$$$$&&&&((((////#### LV#D#VHQLRU#HSLGHPLRORJLVW#LQ#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV1##+H#
VHUYHG#RQ#WKH#'2(#7DVN#)RUFH#WR#HVWDEOLVK#WKH#RULJLQDO#'2(#2IILFH#RI#(SLGHPLRORJ\#DQG#+HDOWK#
6XUYHLOODQFH#IURP#4<;<#WKURXJK#4<<3#DQG#KDV#EHHQ#LQYROYHG#LQ#DOO#SURJUDP#DUHDV#VLQFH#WKDW#WLPH1#+H#
LV#UHVSRQVLEOH#IRU#WKH#HIIHFWLYH#LPSOHPHQWDWLRQ#DQG#FRPSOHWLRQ#RI#1DWLRQDO#,QVWLWXWH#IRU#2FFXSDWLRQDO#
6DIHW\#DQG#+HDOWK#ZRUNHU#KHDOWK#VWXGLHV#DW#DOO#'2(#IDFLOLWLHV1##'U1#3HWHUVHQ#KDV#PRUH#WKDQ#58#\HDUV#
RI#H[SHULHQFH#LQ#RFFXSDWLRQDO#HSLGHPLRORJ\#DQG#4;#\HDUV#LQ#WKH#QXFOHDU#ZHDSRQV#FRPSOH[1##+H#KDV#
ZRUNHG#LQ#D#6WDWH#KHDOWK#GHSDUWPHQW#DQG#KHOG#DFDGHPLF#SRVLWLRQV#DW#WKUHH#XQLYHUVLWLHV#ZKHUH#KH#
WDXJKW#SXEOLF#KHDOWK#FRXUVHV1##+H#KDV#SXEOLVKHG#VFLHQWLILF#VWXGLHV#DERXW#FDQFHU#SDWWHUQV/#RFFXSDWLRQ#
DQG#FDQFHU/#DQG#RFFXSDWLRQDO#KHDOWK#VXUYHLOODQFH1##'U1#3HWHUVHQ#UHFHLYHG#KLV#GRFWRUDWH#LQ#HSLGHPLRORJ\#
IURP#WKH#8QLYHUVLW\#RI#:DVKLQJWRQ#LQ#4<:6#DQG#LV#D#)HOORZ#RI#WKH#$PHULFDQ#&ROOHJH#RI#(SLGHPLRORJ\1##
'U1#3HWHUVHQ*V#SURIHVVLRQDO#JRDO#LV#WR#EULQJ#KLV#FRQVLGHUDEOH#H[SHULHQFH#DQG#VNLOO#WRJHWKHU#WR#ILQG#
FUHDWLYH#VROXWLRQV#WR#KHDOWK#LVVXHV#DV#WKH#'HSDUWPHQW#WXUQV#IURP#WKH#FROG0ZDU#WR#HQYLURQPHQWDO#
UHVWRUDWLRQ1
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%%%%RRRRQQQQQQQQLLLLHHHH####66661111####5555LLLLFFFFKKKKWWWWHHHHUUUU////####0000111133331111++++1111////####3333KKKK1111''''1111//// #LV#D#VHQLRU#HSLGHPLRORJLVW#LQ#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#DQG#KDV#
EHHQ#D#PHPEHU#RI#WKH#2IILFH#VLQFH#LWV#HVWDEOLVKPHQW#LQ#4<<31##'U1#5LFKWHU#KDV#PRUH#WKDQ#43#\HDUV*#
H[SHULHQFH#ZLWK#WKH#)HGHUDO#*RYHUQPHQW1##+HU#DUHD#RI#H[SHUWLVH#LV#LQ#HQYLURQPHQWDO#HSLGHPLRORJ\#ZLWK#
H[WHQVLYH#H[SHULHQFH#LQ#FRQGXFWLQJ#KHDOWK#VWXGLHV#RI#FRPPXQLWLHV#WKDW#PD\#KDYH#EHHQ#H[SRVHG#WR#WR[LF#
ZDVWHV#RU#UDGLRQXFOLGHV1##6KH#SURYLGHV#WHFKQLFDO#JXLGDQFH#DQG#LQIRUPDWLRQ#WR#WKH#'HSDUWPHQW#RQ#
HSLGHPLRORJLF#DFWLYLWLHV#DQG#UHVHDUFK1##6KH#LV#WKH#PDQDJHU#RI#D#JUDQWV#SURJUDP#IRU#6WDWH#KHDOWK#
GHSDUWPHQWV#WKDW#VXSSRUW#HSLGHPLRORJLF#VWXGLHV#DQG#RWKHU#DFWLYLWLHV#RI#FRPPXQLWLHV#VXUURXQGLQJ#'2(#
VLWHV1##'U1#5LFKWHU#PDQDJHV#DQG#GLUHFWV#GLVHDVH#RXWEUHDN#LQYHVWLJDWLRQV#DW#'2(#+HDGTXDUWHUV#DQG#DW#WKH#
VLWHV1##6KH#DOVR#SURYLGHV#JXLGDQFH#DQG#DVVLVWDQFH#WR#WKH#(SLGHPLRORJLF#6XUYHLOODQFH#3URJUDP#DQG#KDV#
IRFXVHG#DQDO\VLV#RQ#LOOQHVV#DQG#LQMXU\#RI#ZRPHQ#LQ#WKH#'2(#ZRUNIRUFH1##'U1#5LFKWHU#VHUYHV#DV#WKH#
HSLGHPLRORJLF#FRQVXOWDQW#IRU#WKH#EHU\OOLXP#ZRUNHU#KHDOWK#VXUYHLOODQFH#SURJUDP#DQG#WKH#EHU\OOLXP#UHJLVWU\1###
'U1#5LFKWHU#KDV#WDXJKW#HSLGHPLRORJLF#PHWKRGV#WR#GLYHUVH#DXGLHQFHV/#DQG#LV#WKH#DXWKRU#RI#PDQ\#DUWLFOHV#
ZULWWHQ#IRU#'2(#ZRUNHUV1##6KH#UHFHLYHG#KHU#GRFWRUDWH#IURP#WKH#-RKQV#+RSNLQV#6FKRRO#RI#+\JLHQH#DQG#
3XEOLF#+HDOWK#DQG#LV#D#PHPEHU#RI#WKH#6RFLHW\#IRU#(SLGHPLRORJLF#5HVHDUFK1#

&&&&OOOOLLLLIIIIWWWWRRRRQQQQ####++++1111####6666WWWWUUUUDDDDGGGGHHHHUUUU////####3333KKKK1111''''1111//// #KDV#EHHQ#D#PHPEHU#RI#WKH#2IILFH#RI#(SLGHPLRORJLF#6WXGLHV#VLQFH#LWV#HVWDEOLVKPHQW#
LQ#4<<31##+H#KDV#ZRUNHG#IRU#WKH#'2(#IRU#;#\HDUV#DQG#KDV#GRQH#H[WHQVLYH#ZRUN#LQ#WKH#GHYHORSPHQW#RI#
RFFXSDWLRQDO#KHDOWK#VXUYHLOODQFH#PHWKRGV1##+H##FXUUHQWO\#PDQDJHV#WKH#(SLGHPLRORJLF#6XUYHLOODQFH#3URJUDP/#
PRQLWRULQJ#RFFXSDWLRQDO#LOOQHVV#DQG#LQMXU\#DPRQJ#PRUH#WKDQ#93/333#'2(#FRQWUDFWRU#ZRUNHUV#DW#WHQ#VLWHV1#
'U1#6WUDGHU#LV#UHVSRQVLEOH#IRU#WKH#GHYHORSPHQW#RI#HSLGHPLRORJLF#VXUYHLOODQFH#UHSRUWV#DQG#KDV#OHFWXUHG#RQ#
YDULRXV#KHDOWK#DQG#VDIHW\#LVVXHV#WR#QXPHURXV#DXGLHQFHV#LQFOXGLQJ#'2(#ZRUNHUV/#VLWH#RFFXSDWLRQDO#PHGLFLQH#
VWDII/#OLQH#PDQDJHPHQW/#DQG#RUJDQL]HG#ODERU1###+H#SURYLGHV#PDQDJHPHQW#VXSSRUW#LQ#WKH#FRQGXFW#RI#RXWEUHDN#
LQYHVWLJDWLRQV#DQG#SURYLGHV#JXLGDQFH#DQG#FRQVXOWDWLRQ#LQ#WKH#'HSDUWPHQW·V#RQJRLQJ#HYDOXDWLRQ#DQG#
UHGHVLJQ#RI#DSSURDFKHV#WR#LQWHJUDWH#KHDOWK/#VDIHW\/#DQG#HQYLURQPHQW#GDWD#DQDO\VLV1##$V#WKH#2IILFH#RI#+HDOWK#
6WXGLHV·#UHSUHVHQWDWLYH#RQ#WKH#2IILFH#RI#,QIRUPDWLRQ#0DQDJHPHQW·V#([HFXWLYH#6WDNHKROGHU#%RDUG/#KH#
SURYLGHV#FRQVXOWDWLRQ#LQ#WKH#DUHDV#RI#GDWD#VKDULQJ/#TXDOLW\#DVVXUDQFH/#DQG#DXWRPDWHG#GDWD#SURFHVVLQJ#
WHFKQRORJ\/#ZLWK#D#VSHFLDO#HPSKDVLV#RQ#GDWD#QHHGV#IRU#KHDOWK#VFLHQFHV#UHVHDUFK#DQG#RFFXSDWLRQDO#KHDOWK#
VXUYHLOODQFH1##+H#UHFHLYHG#KLV#GRFWRUDWH#LQ#HSLGHPLRORJ\#IURP#WKH#8QLYHUVLW\#RI#:DVKLQJWRQ#6FKRRO#RI#
3XEOLF#+HDOWK1
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##+HDWKHU#6WRFNZHOO###################################+634,#<3606:54
##(0PDLO=#KHDWKHU1VWRFNZHOO#HK1GRH1JRY

##&ODXGLD#%HDFK########################################+634,#<360<;59
##(0PDLO=#FODXGLD1EHDFK#HK1GRH1JRY

##%DUEDUD#%URRNV#####################################+634,#<36079:7
##(0PDLO=#EDUEDUD1EURRNV#HK1GRH1JRY

##&DURO\Q#&ODUNH#######################################+634,#<3604668
##(0PDLO=#FDURO\Q1FODUNH#HK1GRH1JRY

##0DUVKD#/DZQ########################################+634,#<3606:54
##(0PDLO=#PDUVKD1ODZQ#HK1GRH1JRY

##*HUU\#3HWHUVHQ#######################################+634,#<3605673
##(0PDLO=#JHUDOG1SHWHUVHQ#HK1GRH1JRY

##%RQQLH#5LFKWHU########################################+634,#<3607834
##(0PDLO=#ERQQLH1ULFKWHU#HK1GRH1JRY

##&OLII#6WUDGHU##########################################+634,#<3608:<<
##(0PDLO=#FOLII1VWUDGHU#HK1GRH1JRY

##)$;#1XPEHU=#########################################+634,#<36079::
##
##,QWHUQHW#+RPH#3DJH#$GGUHVV=##KWWS=22WLV0QW1HK1GRH1JRY2HSL

6WDII#'LUHFWRU\


